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In biliary tract disorders, present-day medical 
management hinges on stimulation therapy and 
non-surgical drainage. A therapeutic plan 

is to flush and drain the hepatobiliary tract by 
increasing the volume of bile while reducing its 
viscosity, solid content and specific gravity. 


This dual action —hydrocholeresis —is evoked in 
full accord with the therapeutic plan by the 
administration of Decholin and its sodium salt 
(Decholin Sodium), the most potent hydrocholeretic 
agents available. A less pronounced effect attends 
the use of choleretics, such as combinations of 
bile salts, which produce but slight increase in bile 
of high viscosity —a procedure which may 

defeat this therapeutic plan. 


When the therapeutic plan specifies hydrocholeresis, 
Decholin and Decholin Sodium are the indicated 
agents —they are specifically hydrocholeretic. 
Begin therapy with small doses and progressively 
increase the dosage of Decholin Sodium 
(intravenously). This is then followed 

by a course of Decholin Tablets. 


y of Canada, Ltd., Toronto 
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500, 1000 and 5000. boxes of 3, 20 and 100.” 
A Decholin, Decholia Sodjum, Trademarks Reg. U.S. and Canada 
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Dona.Lp E. SMirH, HowarpD M. ODEL AND JAMES W. KERNOHAN 516 
This is an interesting analysis of the causes of death in 376 patients with essential hypertension 
of various degrees of severity. Those with milder hypertension lived longer, and if they died of 
causes related to hypertension at all, usually succumbed to coronary disease, congestive heart 
failure or cerebrovascular accidents. Those with severe or malignant hypertension were apt to run 
a shorter course and die in uremia. : 
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Spontaneous Rupture of a Papillary Muscle of the Heart. Review with Eight Addi- 
tional Cases JOHN MartTIN AsKEY 528 


A review of thirty-seven cases of <a papillary muscle of the heart, including eight new cases. 
Criteria for antemortem diagnosis, particularly after myocardial infarction, are presented. 


Seminars on Renal Physiology 


Renal Excretion of Water, Sodium, Chloride, Potassium, Calcium and Magnesium 
ROBERT W. BERLINER 541 


The problems of renal regulation of water and electrolytes are of the greatest interest not only in 
connection with renal function in the normal subject and in intrinsic renal disease but their 
ramifications also extend to the most varied disorders accompanied by edema, ascites, acidosis, 
alkalosis and many other abnormalities. Dr. Berliner’s scholarly appraisal of current views on the 
excretion of water, sodium, potassium, calcium and magnesium is critical and constructive. 


Clinico-pathologic Conference 


Chronic Renal Disease Due to Congenital Anomaly. 


Clinico-pathologic Conference (Washington University School of Medicine)—The problem 
considered in this clinic is one in which early diagnosis is important since obstruction and 
infection of the urinary tract are amenable to forms of treatment which may halt the 
development of renal insufficiency. The discussion is instructive and should facilitate recognition 
of a cause of renal insufficiency which is not too rare but is often overlooked until too late. 
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FORENSIC MEDICINE 


Carefully considering the needs of the general practitioner, 
Dr. Kerr has written this illuminating book on the reliable action 
to be taken in cases of medico-legal problems. 


He fully discusses the subject of identification, changes after 
death and various types of murder. Many photographs of cases 
occurring in his own practice have been included. The practitioner 
and student will find informative sections on the effects of heat, 
cold, starvation and neglect. 


Primarily Dr. Kerr discusses those legal problems which are rela- 
tive to the medical practitioner. Heretofore the practitioner has found 
himself sorely in need of this knowledge, but never before has it been 
presented with such clarity, completeness and interest. 


4th. ed., 359 pp., $5.00 
by DOUGLAS J. A. KERR, M.D., F.R.C.P.E., D.P.H. 


THE PRODUCTION OF ANTIBODIES 


Based on the presently adopted approach that antibody produc- 
tion is a biological rather than a chemical phenomenon, this is a re- 
view of current knowledge and theory as well as a discussion of the 
authors’ research findings since the publication of the first edition in 
1941. It is entirely concerned with the evidence bearing on the proc- 
esses of antibody formation and an attempt to interpret these find- 
ings in biological rather than chemical terms. 


The authors discuss the function of plasma proteins briefly, then 
proceed to develop their theory, the “‘self-marker”’ concept, by con- 
sideration of variations in concentrations of antibody in the blood of 
immunized animals, qualitative differences amongst antibody mole- 
cules, sites of and possible continuity of production of antibodies, 
and the immunologica] behavior of young animals. 


2nd. ed., 133 pp., $3.00 
by F. M. BURNET, M.D., F.R.S. and FRANK FENNER, M.D. 


THE MACMILLAN COMPANY - 60 Fifth Ave., New York Il, N. Y. 


Ayerst, 


“‘Beminal” offers major ‘B’ therapy with a quintet of 
distinctive combinations that simplify selection of 
appropriate treatment for each patient. 


1. “Beminal’’ Forte with Vitamin C (Capsules No. 817) 
is recommended whenever oral administration of 
massive doses of B factors and vitamin C is desirable. 


Each capsule contains: 


Thiamine HC] (B,) ..... #£=.25.0mg. 
Riboflavin (B.).... =. . #£12.5mg. 
Nicotinamide. ..... . . «+ 100.0mg. 
Pyridoxine HC] (Bg) . . . ... . 1.0 mg. 
Calc. pantothenate. . .... . . #£10.0mg. 
Vitamin C (ascorbic acid) . . . . . 100.0mg. 


Dosage: One to three capsules daily or as directed 
by the physician. 


The other members of the “Beminal” family are: 
2. “Beminal’’ fortified with Iron and Liver, 


Capsules No. 816. 
3. “Beminal’’ fortified with Iron, Liver, and Folic Acid, 
Capsules No. 821. 


4. “Beminal” Forte Injectable (Dried) No. 495. 
5. “Beminal’’ Tablets No. 815. 


McKenna & Harrison Limited 
22 East 40th Street, New York 16, N. Y. 
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Now offered to the medical 
profession for the first time 


a 


A new analgesic compound 
containing acetyl-p-aminophenol 


... the non-toxic therapeutic metabolite of acetanilid 


Long known as one of the most potent, rapid-acting analgesics, 
acetanilid has now been found to have a non-toxic therapeutic 
factor—acetyl-p-aminophenol. Studies at the Yale Laboratory 
of Applied Physiology and New York University School 
of Medicine show that acetyl-p-aminophenol has the high 
analgesic potency of acetanilid, without its toxicity. Unlike acet- 
anilid and acetophenetidin compounds, acetyl-p-aminophenol 
does not damage blood cells, is safe even for chronic pain. 


Acetyl-p-aminophenol 
non-toxic therapeutic metabolite 
Acetanilid (Does not damage blood cells) 


metabolizes to 


Toxic aniline compounds 


TRIGESIC 


Squibb acetyl-p-aminophenol, Aspirin and Caffeine Tablets 


Trigesic offers all the advantages of acetanilid . . . none of 
the disadvantages ... plus the benefits of aspirin and caffeine 


Each tablet contains 0.125 Gm. acetyl-p-aminophenol; 0.23 Gm. aspirin and 0.03 Gm. caffeine. 
Bottles of 36, 100 and 1,000. Also available as TRIGESIC WITH CODEINE, containing, in addition, 
16 mg. codeine phosphate. Bottles of 100. 


SQUIBB 


*“TRIGESIC’’ IS A TRADEMARK OF E. R. SQUIBB & SONS 
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To banish 


depression and aoe 


nervousness 


‘Benzebar’—S.K.F.’s logical combination of ‘Benzedrine’ Sulfate and 
phenobarbital—ordinarily will dispel the mental depression and 
relieve the anxiety and tension that accompany so many of life’s situations. 


These occur, for example, in association with ... family and financial troubles, 
chronic organic disease, persistent pain, old age and grief; 

or following . . . acute infectious disease, surgical operations, 

onset of the menopause and childbirth. 


Smith, Kline & French Laboratories, Philadelphia 


B | l D a the unique antidepressant 


action of ‘Benzedrine’* Sulfate and the mild sedation of phenobarbital 


Each ‘Benzebar’ tablet contains ‘Benzedrine’ Sulfate 
(racemic amphetamine sulfate, S.K.F.), 5 mg.; phenobarbital, % gr. 


*T.M. Reg. U.S. Pat. Off. 
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Unexpected side effects sometimes nullify the anticipated benefits of 


antibiotic therapy. With CHLOROMYCETIN, such side effects rarely interfere 
with its well-known efficacy in a wide range of disorders. 


CHLOROMYCETIN is well tolerated. Reactions are infrequent, 
and those that do occur are slight. Interruption of treatment 
because of severe reactions is rarely necessary. 


OCO . 7 is the only antibiotic produced on a practical 
scale by chemical synthesis. It is a pure, crystalline compound of accurately determined 
structure. It is free of extraneous material that might be responsible for undesirable side 
effects. Its composition does not vary. These features contribute to the dramatic therapeutic 


results which physicians associate with CHHILOROMYCETIN. 


PACKAGING: CHLOROMYCETIN (chloramphenicol, Parke-Davis) is supplied in Kapseals® 
of 250 mg., and in capsules of 50 mg. 
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PARKE. DAVIS & COM PANY y 
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Patient under Treatment 


FOR URINARY 


TRACT INFECTION 


With orally administered Pyridium—an effective, safe urinary 
analgesic—physicians can give patients with urinary tract infection pr ompt r relief 
from such symptoms as urinary freque ency and pa ee ng on urination. 

Pyridium in therapeutic dosage is virtually nontoxic and may be administered 

weet the course of treatment with streptomycin, penicillin, the sulfonamides, 
other specific therapy. 

a story of 
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MERCK & Co., Inc. Manufacturing Chemists RAHWAY, N. J. 
In Canada: Merck & Co. Limited — Montreal, Que. 


(Brand of Phenylazo-diamino-pyridine HCI) 
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with Citrus Fruits and Juices 


The rich variety of nutrient factors* in 
citrus fruits and juices, and their high 
content of vitamin C and natural fruit 
sugars,*° are medically noteworthy — for 
several reasons: they contribute helpfully 
to improvement of appetite* and digestion, 
to greater bodily energy® and stamina,° 
and to resistance to disease.? During 
pregnancy or lactation, before or after 
surgery, and for general nutritional 
support from infancy to old age, the 
refreshing goodness of low-cost, readily- 
available Florida-grown fruits and 
their juices proves universally appealing 
. -. whether in fresh, canned, frozen 
or concentrated form. 


FLORIDA CITRUS COMMISSION 
LAKELAND, FLORIDA 


*Among the richest known sources of 
vitamin C are the citrus fruits. They also 
contain vitamins A, B,; and P, and 
readily assimilable natural fruit sugars— 
together with other factors such as 
iron, calcium, citrates and citric acid. 


References: 1. Gordon, E.S.: Nutritional and 
Vitamin Therapy in General Practice, Year Book Pub., 
3rd ed., 1947. 2. Manchester, T.C.: Food Research, 
7:394, 1942. 3. McLester, J.S.: Nutrition and Diet, 
Saunders, 4th ed., 1944. 4. Rose, M.S.: Rose’s 
Foundation of Nutrition, rev. by MacLeod and Taylor, 
Macmillan, 4th ed., 1944. S. Sherman, H.C.: 
of Food and Nutrition, Macmillan, 7th ed., 1946. 
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e 20,000 units penicillin 
in a delicious hard candy 


High Oral Penicillin Levels 
Lasting One-half Hour 


PENICILLIN TROCHES 


Potent local therapy and pro- 
phylaxis of oral infections caused 
by penicillin-sensitive organisms. 

Taste so good that your pa- 
tients— young and old—will 
gladly follow the prescribed dos- 
age regimen. 


: WYETH INCORPORATED 
| Mize | Philadelphia 3, Pa. 


*Trade-mark 
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MANAGEMENT OF THE CARDIAC OUTPATIENT 


by DONALD B. FRANKEL, M.S., M.D. 
Fairfield, Ilinois 


“The generalized lack of hospital facilities today necessi- 
tates home or office treatment of the ambulatory patient 
with chronic cardiac decompensation. Treatment must 
be aimed at rapid and safe symptomatic relief, as well as 
at control of the failing heart. 


“‘Mercuhydrin proved to have many advantages, chiefly 
that it caused a rapid and continuous diuresis, and thus 
rapid relief for the patient. It was uniformly well toler- 
ated, and in no patient was there any reaction. 


“Another advantage was the ease of maintaining the ‘dry 
weight’ with only one or two injections per week. 


conclusions 

“Ninety-eight patients with clinical cardiac decompensa- 
tion were treated as out-patients. Meralluride sodium 
proved to be a necessary part of the therapy for chronic 
cardiac decompensation. 


“1. Meralluride sodium (Mercuhydrin) caused no local 
or systemic reaction in any patient and was well tolerated 
by all; 2. It is as effective by the intramuscular route as 
by the intravenous and displayed a rapid and dramatic 
effect in every case; ... 4. It is as important as any other 
factor in the emergency treatment of paroxysmal noctur- 
nal dyspnea and cardiac asthma.” 


well loleraled locally, a dinrolic of choice 


MERCUHYDRIN (Meralluride sodium solution) 
is available in Icc. and 2cc. ampuls. 


s INC., MILWAUKEE 1, WISCONSIN 
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peak performance non-narcotic 
COUGH CONTROL with 


‘ROBINS’ 


se 


* 
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In Robitussin, Robins now makes available a potent new and different 
therapeutic weapon for the relief of cough. Its major component is 
glyceryl guaiacolate, shown by recent dependable investigative tech- 
niques to be unexcelled for its intense and prolonged action in increas- 
ing R.T.F. (respiratory tract fluid) .':2-3 Also included in the Robitussin 
formulation is desoxyephedrine—an adrenergic agent to prevent bron- 
chial spasm*—which lifts mood and improves patient’s sense of well- 
being.* Robitussin’s highly palatable aromatic syrup vehicle appeals 
to young and old alike. Robitussin makes expectoration easier and freer 
and diminishes dry, irritating cough. It is non-toxic, non-narcotic. 


uses; Acute colds of head and chest, bronchitis, laryngitis, tracheitis, pharyn- 
gitis, pertussis, influenza and measles. Helpful as a palliative of harmful 
cough in tuberculosis, asthma and paranasal sinusitis. 


FORMULA: Each 5 cc. (1 teaspoonful) of Robitussin contains: 


Glyceryl guaiacolate 100 mg. 
Desoxyephedrine hydrochloride . Img. 
In a palatable aromatic syrup 


ce: Adults: 1 to 2 teaspoonfuls, repeated every 2 to 3 hours as necessary. 
en: % to 1 teaspoonful according to age, 3 or more times daily. 


SUPPLIED: In pints and gallons. 


REFERENCES, Boyd, E. M. et al.: Canadian J. Res., 23:195, 1945. 


F 
4. Foltz, E. E. et al.: J. Lab. & Clin. Med., 28:603, ; 
5. Novelli, A. and Tainter, M. L.: J. Pharmacol., 77:324, 1943. 


A. H. ROBINS COMPANY, INC. 


Richmond 20, Virginia 
Ethical Pharmaceuticals of Merit since 1878 
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Because the male climacteric often 
simulates many other disorders — 
angina pectoris, prostatism, neur- 
—— asthenia, anxiety neurosis, even 
early psychosis — diagnosis may be 
dificult. When in doubt, a thera- 
peutic test with OrETON,® Schering’s Testosterone 
Propionate U.S.P., may not only aid in clarification 
but at the same time offer welcome relief to the 
androgen deficient patient. 


Doses of 25 mg. ORETON are injected intramuscularly 
daily for five days each week for two weeks. Defini- 
tive improvement suggests the diagnosis of male 
climacteric and continued administration of the hor- 
mone either as ORETON, ORETON Buccal Tablets or 
OrETON-M® Tablets. 


(Testosterone Propionate U.S.P.) 


@RETON (testosterone propionate in oil) available in 5, 
10, or 25 mg., ampuls, and multiple dose vials of 10 cc. in 25, 
50 or 100 mg. per cc. 

@RETON Buccal Tablets (testosterone propionate) avail- 
able as 2.5 or 5 mg. tablets. 

ORETON-M Tablets (methyltestosterone) available as 
10 or 25 mg. tablets. 


CORPORATION-BLOOMFIELD, NEW JERSEY 
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greater fall 


blood pressure 


decreased REDICTING RESPONSE 


Striking objective improvement, in the individual case, 
can be obtained with veratrum viride Biologically 


more efficient Standardized in Craw Units, as available in VERA- 


myocardial TRITE and VERTAVIS. 
action Therapeutic Alternative 
diminution : ae In mild and moderate hypertension (Grades | and Il), 
a which accounts for more than 70 per cent of all hyper- 
of ee : tensive cases, VERATRITE is the choice of therapy and 


may be used routinely in everyday practice without 
undesirable side-effects. VERATRITE contains, in each 
tabule, veratrum viride (3 Craw Units) with sodium 
nitrite and phenobarbital. 


In severe, resistant hypertension (Grade Ill) and hyper- 
tension complicated by cardiac failure, VERTAVIS can 


Cardiac size 


reversal of 


left ventricular effect dramatic response. Adequate supervision of the 
‘ patient and fine adjustment of dosage to the in- 
strain patterns dividual case are essential. VERTAVIS is a single 
in the EKG agent, containing in each tablet veratrum viride (10 


Craw Units). 


Samples and literature on both VERATRITE and VER- 
TAVIS, including clinical reports, are available on 
request. 


relief of 


palpitation 


headache for mild and moderate hypertension 


~ hemorr hages and | for severe, resistant hypertension 


exudates in the 
optic fundi RWIN, NEISLER & CO. * DECATUR, ILLINOIS 


% 
4 


Separate for Stability . 


The lyophilized factors of Lyo B-C® are stable 
indefinitely under refrigeration; combined with 
water for injection, they present a potent 
grouping of the principal B-complex elements and 
vitamin C. Intravenous administration of Lyo B-C 
is indicated in treatment of deficiency states asso- 
ciated with surgery, increased metabolism, prolonged 
infusions and other circumstances tending to 
deplete stores of the vital water-soluble B-complex 
and vitamin C. Lyo B-C vitamins are rapidly and 
completely absorbed following intramuscular or 
intravenous injection, and are a valuable addition 
to infusions of glucose, plasma, saline, Ringer’s 
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combine 
for 
USE 
or amino acid solutions. 
(IMPROVED) 


Principal B-Complex Factors and Ascorbic Acid 


Each Vaculee vial contains: 


Thiamine hydrochloride 

(vitamin B,) 100 mg. 
Riboflavin (vitamin B,) 10 mg. 
Pyridoxine hydrochloride 

(vitamin Bg) 10 mg. 
d-Panthenol (equivalent to 58 mg. 3 

of calcium pantothenate) 50 mg. 
Niacinamide 500 mg. 
Ascorbic acid (vitamin C) 7 500 mg. 


Supplied in 5-cc. Vacule vials. 
Sharp & Dohme, Philadelphia 1, Pa. 
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Now-—with Chlorophyll. . . 


tissue-stimulating 


Chioresium Powder 


Promotes healthy granulation tissue at the ulcer site — 
gives prompt, soothing symptomatic relief 


A new and fundamental approach 
to the treatment of chronic and acute 
peptic ulcers is made possible by 
Chloresium Powder. 

Perfected after three years of re- 
search by Rystan Company, originator 
of therapeutic water-soluble chloro- 
phyll preparations, this combination 
product assures prolonged contact of 
tissue-stimulating chlorophyll with the 
ulcer crater. 

Clinical evidence shows that it offers 
six distinct advantages: 


1. Promotes healthy granulation tis- 
sue at the ulcer site. 


2. Gives prompt symptomatic relief. 


3. Provides a prolonged protective 
coating. 

4. Provides prompt antacid action— 
no alkalosis, no acid rebound, no in- 
terference with bowel regularity. 


5. Completely safe, absolutely non- 
toxic. 
6. Minimizes—often eliminates— 
need for special diets and restricted 
activity. 

How it works 


A three-way combination product, Chlo- 
resium Powder provides the antacid and 


protective actions of the usual peptic 
ulcer preparations with aluminum hy- 
droxide and magnesium trisilicate in a 
specially prepared dehydrated okra base. 
The addition of the water-soluble deriva- 
tives of chlorophyll ‘‘a’’ gives you a healing 
therapy that actually promotes healthy 
granulation tissue at the ulcer site. 


“The high incidence of patients who have 
gone through one ulcer regimen after another 
with temporary relief, but with no healing of the 
ulcer crater, suggests the need of supplying di- 
rect assistance to the damaged gastroduodenal! 
tissues in the form of a tissue-stimulant.” 


Chloresium Powder provides prolonged con- 
tact of tissue-stimulating chlorophyll with 
the ulcer crater. 
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Dramatic results in long-standing 
peptic ulcer cases 


In a recently reported clinical series}, 
complete healing was obtained in 58 out 
of 79 cases of long-standing peptic ulcers 
within 2 to 7 weeks—with this new 
chlorophyll powder! 

Chloresium Powder, in this clinical 
trial, demonstrated its effectiveness to 
the peptic ulcer patient quickly in the 
form of complete symptomatic relief. It 
demonstrated its effectiveness to the 
physician, under roentgenological exami- 
nation, in prompt healing of the ulcer 
crater—usually in 2 to 7 weeks—even in 
cases which had been resistant to other 
therapy. 


The minimum known history of the 
cases treated was two years. Many of 
the ulcers healed had resisted previous 
methods of treatment for from 5 to 12 
years. | 


No special diets required 


To avoid factors whose beneficial effects 
might be difficult to disassociate from 
the effects of the Chloresium Powder, no 
special diets were prescribed. There were 
no restrictions on smoking, alcoholic 
beverages or daily activity. Nevertheless, 
3 out of 4 cases not only got lasting 
symptomatic relief in 1 to 3 days, but 
also obtained complete healing of the 
ulcers in 2 to 7 weeks. 

These remarkable results—obtained 
with complete freedom from dietary and 
other restrictions—indicate that here at 
last is a therapy which can be adminis- 


therapy for peptic 


tered without upsetting the patient’s 
normal habits and can thus greatly sim- 
plify the task of insuring patient co-oper- 
ation. Moreover, Chloresium Powder is 
palatable and easily taken by the patient. 


1. Offenkrantz, W. F., Rev. Gastroenterol, 17:359-367 
(May), 1950. 


Ethically promoted. Available at your druggist 
in slip-label cartons of 25 envelopes (25 doses). 


Chloresium Powder 


Natural nontoxic chlorophyll therapy for the 
treatment of peptic ulcers. 


Try it on your most difficult case 
—mail coupon today ! 


FREE—5 DAYS’ SUPPLY 


| 

| RYSTAN COMPANY, INC., Dept. JM8-P 

| 7. N. MacQuesten Pkwy., Mt. Vernon, N. Y. 
| Please send trade-size sample of Chloresium 
| Powder and reprint of the clinician’s paper on 
| chlorophyll therapy for peptic ulcers. 


City Zone__State 
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ral BURROUGHS WELLCOME & CO., (U.S.A.) INC. TUCKAHOE 7, NEW YORK 
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It is well known that the craving for food which besets many 
obese people cannot easily be controlled by the will alone. For 
them, adherence to a reducing diet often imposes a nervous 
strain, with consequent tension and irritability; and if they 


succumb to their urge to eat more, they have a sense of failure. 


But appetite can now be modified by oral administration of 
‘Methedrine’. Then avoidance of over-eating becomes prac- 
tically effortless, and the patient feels fitter and cheerful, as 


well as satisfied . . . with his meals and with his achievement. 


Trials have shown that ‘Methedrine’ is a reliable anorexiant, 


and that it is effective in low dosage. 


Literature describing dosage and recommended regimen will be sent on request. 


Ray, H. M.: Am. J. Digest. Dis., 14:153, 1747. 
Shapiro, S.: ibid, 14:261, 1947. 


Methamphetamine Hydrochloride (d-Desoxyephedrine Hydrochloride) 


REFERENCES: 


Compressed products of 5 mg.—Scored to facilitate division. 


in 


not but... 


a ‘The achievement of clinically adequate salicylate 
> ) blood levels by medication per os is now far more 


sodium salicylate and para-aminobenzoic acid 
takes maximum therapeutic advantage of each 


__ Particularly in cases resistant to the maintenance of 


AN EFFECTIVE AGENT : “requisite blood levels, Pabalate affords an effective 


2:  thlahly acceptable at all ages, particularly by children). 


| ee | - Each Pabalat Tablet or each 5 cc. ( fu 


CU. S.P. (5 grs.) 0.3 Gm.; Para-aminobenzoic Acid 
a (as the sodium salt) (5 grs.) 0.3 Gm. 


: ae recommended as a simple analgesic and antipyretic 
oe to replace aspirin or other salicylate therapy. 


eens Belisle, M.: Union Med. Can., 77:392, 1948. 
2. Dry, |. 4. et al.: Proc. Staff Meetings Mayo Clin., 21:497, 
o 3. Rosenblum, H. and Fraser, L. E.: Proc. Soc. Exper. Biol. 


J. Lab. Clin. Med., 33: 1393, 1948. 


of Merit since 1878 


practicable—with Pabalate® This new, synergic 
“combination of two well-known antirheumatics?—_ 


drug’s remarkable ability to elevate materially 
the blood level of the other," “when given together. 


agent for more successful antirheumatic action. 
~~ It is available in two forms: Tablets (enteric-coated to 


FOR MORE SUC C ESSFUL ; - obviate gastric irritation), and chocolate-flavored Liquid 


"INDICATIONS: rheumatoid arthritis, acute rheumatic 
fever, fibrositis, gout, osteoarthritis. The Liquid is 


SUPPLIED: Pabalate Tablets in bottles of 100 and 500. 
| Pabalate Liquid in pints and gallons.- 


| 1947. 4. Salassa, Bollman and Dry: 


INS co., INC. RICHMOND 20, 
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Coming — 1st Half of 1951 
SEMINARS on PULMONARY PHYSIOLOGY 


Mechanics of Respiration 


Wallace O. Ronni M. D., “Univ. of Rochester School of Medicine 
Pulmonary Gas Exchange . -Richard Riley, M.D., Johns Hopkins University 


Methods of Measurement of Pulmonary Function . : 
Julius Comroe, M.D., Univ. of Pennsylvania Graduate School of Medicine 


Roentgenologic Methods in Pulmonary Disease . Abraham G. Cohen, M.D. 
and Abraham Geffen, M.D., Beth Israel Hospital, New York City 


Pulmonary Emphysema and Cor Pulmonale. 
Dickinson W. Richards, Jr., M. D. | Rejane M. eatin M. D.. 
M. Irene Ferrer, M. D. ond Richard T. Cathcart, M. D., 
Columbia University and Bellevue Hospital, New York City 


Differentiation of Pulmonary and Cardiac Factors in Pulmonary Congestion ._ . 
Andre Cournand, M.D. and John R. West, M.D., 
Columbia University and Bellevue Hospital, New York City 


Pulmonary Fibrosis Including Diffusion Fibrosis. 


George W. Wright, | M. D., 


FUTURE SYMPOSIA 


Tuberculosis—November—1950 . . . . J. Burns Amberson, M.D., 
Chest Service, Bellevue Hospital, New York 


Functions of Adrenal Gland—May—1951. . . . 
Robert F. Loeb, M.D. | Presbyterian Hospital, New York 


Subscription: U. S. A. $10; Canada and South America $12; Abroad $15 


The American Journal of Medicine 
49 WEST 45th STREET - NEW YORK 19, N.Y. 
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now... digestant enzymes 
released in relay 


by the peptomatic* tablet 


The multiform aid required in digestional dysfunction formula: 
or imbalance may now be administered in a single tab- cmntinneh b> 
let contains pan- 
let—Robins’ Entozyme—which (by unique Peptomatic* crentin, 
300 mg.; pepsin, 
action) releases pepsin, pancreatin and bile salts indi- _ i i Sy 
vidually at the gastroenteric levels of respective optima] 
activity. Entozyme has proven particularly efficacious!” 
in chronic cholecystitis, post-cholecystectomy syndrome, gear 
er Fifth Ave. 
infectious hepatitis, itis, i i Hosp., 9:61, 
i patitis, pancreatitis, chronic dyspepsia, 
and peptic ulcer. It is also especially useful in nausea, mig eee “mg 
| 15:382, 1948. 


anorexia, belching, flatulence and pyrosis. 


entozyme: 


The multi-enzyme digestant with unique Peptomatic Action! 


A. H. Robins Co., Inc. - Richmond 20, Virginia 
Ethical Pharmaceuticals of Merit since 1878 
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Varicose ulcers of nineteen years’ duration. 
This is one of a series of 50 chronic ulcer cases 
in which the results of Chloresium Therapy 
were observed by a leading clinic. 


Chloresium therapy brought this improvement 
in six weeks. Complete healing occurred one 
month later. Of the fifty cases studied, forty- 
eight showed marked improvement. 


For diabetic and varicose ulcers 
...use Chloresium Therapy 


Stimulates growth of normal healthy 
tissue, gives symptomatic relief, deo- 
dorizes ... clinically proved. 


@ In chronic, indolent ulcers, the prodlem is 
how to aid the healing of tissue which is 
obviously not able to repair itself. The 
answer is Chloresium, the therapeutic chloro- 
phyll preparations. Clinical reports on large 
series of such cases, which resisted other 
method of treatment, show that most of 
them responded rapidly to Chloresium’s 
chlorophyll therapy —and healed completely 
in relatively short time. 


*From the Lahey Clinic Bulletin (Vol. 4, No. 8, 
April 1946): “The water-soluble chlorophyll 


Chlorestum 


Therapeutic chlorophyll preparations 


Solution (Plain); Ointment; Nasal 
and Aerosol Solutions 


Ethically promoted—at leading drugstores 


U. S. Pat. 2,120,667 — Other Pats. Pend. 


containing ointment (Chloresium) has now been 
used at this clinic in more than 50 cases of the 
more chronic and difficult ulcers . . . (it) ap- 
parently excels any of the previously used 
agents ... Many patients who had ulcers un- 
healed from one to eight years obtained com- 
plete healing in six to ten weeks.”’ 


*From the Guthrie Clinic Bulletin (Vol. 16, No. 
1, July 1946): ‘‘We have used a water-soluble 
ointment of chlorophyll (Chloresium) in a vari- 
ety of conditions . . . with splendid results in a 
vast majority of cases. In a group of chronic 
ulcers there has been almost universal prompt 
and early healing.”’ 


Try Chloresium on your most resistant case— 
it is nontoxic, bland, soothing, deodorizing. 


*Complete reprints available on request. 


FREE—CLINICAL SAMPLES 


RYSTAN CO., INC., Dept. JM-8 
7 N. MacQuesten Pkwy., Mt. Vernon, N. Y. 


I want to try Chloresium Ointment and Chloresium 
Solution (Plain). Please send clinical samples. 
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nasal 
decongestion 


Myeth Incorporated e Philadelphia 3, Pa. 


The Aim is Clear Nasal Airways 


without elevated blood pressure... 
without accelerated heart rate... 
without central nervous stimulation 


WYAMINE 


MEPHENTERMINE WYETH 


... produces effective local vaso- 
constriction with minimal by-effects. 
Safe to use even at night. 


Supplied— 
SOLUTION WYAMINE SULFATE: 


Bottles of 1 fl. oz. with dropper or 


may be used with JETOMIZER®. 


Wieth 


# 
a 


Drop-cillin 


50,000 UNITS* in a dropperful 
9 ce. bottle contains 600,000 units. 


Dram-cillin 


Poy 100,000 UNITS* in a teaspoonful 
= \ 60 cc. bottle contains 1,200,000 units. 


Both with a delicious vanilla flavor. 


*buffered penicillin G potassium 


White Laboratories, Inc., 
Pharmaceutical Manufacturers, Newark 7, N. J. 
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_ When Hyperaciaity 


is a problem — 


ANTACID THERAPY can be as impracticable 
as a one legged stool. Too often the influence of the psychogenic com- 
ponent is overlooked in concern with gastric and intestinal pain. 

Silaloid provides a palatable and practical, over-all therapeutic answer 
to conditions ranging from hyperacidity to gastric and peptic ulcers. 
Silaloid can be swallowed, chewed or taken in a glass of water, where 
it disintegrates rapidly—in a few seconds. 


Each SILALOID tablet contains: 


7 gr. magnesium trisilicate—a non-systemic, non- 
constipating antacid sufficient to neutralize 


In your patients requiring ant- ANTACID 
acid therapy, prescribe Silaloid for its 45 cc. of 0.1 N. HCI. 
prompt and prolonged action and its % gr. phenobarbital—to decrease tonus of the 
over-all rationale. SEDATIVE | intestinal musculature and to provide central 


depressant action on the vagus. 
DOSAGE: Two tablets 3 to 4 times 


1/1250 gr. hyoscyamine sulfate,1/5000 gr.atropine 
daily or as required. ANTISPASMODIC 1 sulfate—to control excessive motor activity, 
SUPPLIED: In bottles of 100, 500, 


1000 tablets. 


VANPELT & BROWN, INC., Pharmaceutical Chemists Richmond, Virginia 
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A potent alkalotdal fraction of Veratrum viride — biologically 
standardized for hypotensive activity in mammals—a new active 
principle not heretofore available, for the treatment of hypertension. 


Veriloid therapy produces not only gratifying objective results— 
significant and sustained control of elevated arterial tension— 
but also leads to marked subjective benefit readily detectable by 
the patient. As the drug takes effect, the so-called hypertension 
headache is relieved, renal function improves, vision becomes 
more clear, and the associated muscular weakness is overcome. 


These beneficial changes are directly attributable to the 
peripheral vasodilatation induced by Veriloid and the resultant 
igiproved tissue nutrition. They are often experienced long before 
maximum blood pressure drop has been attained. 


While individualization of dosage is essential for maximum 
therapeutic benefit, in the majority of patients a response to 
Veriloid is usually obtained from the average dose of 2.0 mg. to 
5.0 mg. three or four times daily after meals and at bedtime. 


Dosage adjustment to suit the responsiveness of the individual 


patient can be accomplished in a week or two. 


Veriloid is available on prescription at all pharmacies in 1.0 
mg. tablets; bottles of 100, 200, 500 and 1000. Literature sent 


on request. 
*Trade Mark of Riker Laboratories, Inc. 


BIOLOGICALLY STANDARDIZED FOR HYPOTENSIVE 


POTENCY IN 


MAMMALS 
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The patient describes his depression : 


“*I have lost interest in everything—I have no ambition any more— 
everything seems futile—I feel frustrated and lonely— 


I can’t remember or concentrate—I am all slowed up.” 
Washburne, A.C.: Ann. Int. Med. 32:265, 1950. 


For such a patient ‘Dexedrine’ Sulfate is of unequalled value. 
Its uniquely “smooth” antidepressant effect restores 

mental alertness and optimism, induces a feeling of energy 
and well-being—and thus has the happy effect of once again 
reviving the patient’s interest in life and living. 


Smith, Kline & French Laboratories, Philadelphia 


Dexedrine Sulfate 


*T.M. Reg. U.S. Pat. Off. 
the antidepressant of choice 


tablets 


elixir 
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For childhood colds, sore throats and other febrile or 


painful conditions, Aspergum provides acetylsalicylic acid 


in easy-to-take, deliciously flavored, chewing gum form. 


The antifebrile, analgesic medication is quickly 
absorbed, reaches the blood stream rapidly, producing 


a mild general analgesia and antipyresis in children. 


Ideal for post-tonsillectomy cases, Aspergum offers 
immediate local relief of pain, encourages an earlier 


return to a full diet—convalescence is hastened. 


Just 314 grains of acetylsalicylic acid per tablet 
—a dosage and form uniquely fitted to 
childhood requirements. Promoted ethically. 


WHITE LABORATORIES, INC., 


Pharmaceutical Manufacturers, Newark 7, N. J. 
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I. wide acceptance 


of ‘Duracillin’ preparations 


is evidence that the effort to make them 
consistently reliable is appreciated. 
This recognition rewards the unrelenting demands 
of precision manufacturing. 
This endorsement is incentive to maintain 


the quality of the products 


bearing the Red Lilly. 


DURACILL 


(CRYSTALLINE PROCAINE PENICILLIN—G, LILLY) 


ELI LILLY AND COMPANY 


INDIANAPOLIS 6, INDIANA, U.S.A. 
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Editorial 
Cerebral Blood Flow and Metabolism’ 


ETY and Schmidt! opened a new 
K field of clinical investigation when 
they demonstrated that the blood 
flow per 100 gm. of brain could be measured 
in normal man by an application of the Fick 
principle. The subject breathes for ten 
minutes a non-anesthetic gas mixture com- 
posed of 15 per cent N2O, 21 per cent O, 
and 64 per cent Ne. The mean N.O differ- 
ence between arterial and internal jugular 
bloods is calculated from samples drawn 
simultaneously from the two vessels over the 
ten-minute period of time. At the end of 
ten minutes the brain has come into equi- 
librium with the internal jugular blood, and 
the concentrations of N2O in the arterial 
blood, internal jugular blood and brain are 
approximately equal. N2O has the same 
solubility in blood and brain in normal 
subjects. Therefore, the amount of N2O 
deposited per 100 gm. of brain during the 
ten-minute period of time is equal to the 
concentrations of N2O per 100 cc. of internal 
jugular blood. The cerebral blood flow per 
100 gm. of brain is then calculated by the 
Fick formula: 


CBF = N2O deposited 


A-V difference 


The A-V N,2O difference is not constant 
during the ten minutes of breathing N2O. 
At the start it is zero; then it becomes 
large for a variable period of time, and 


1Kety, S. S. and Scumipt, C. F. Determination of 
cerebral blood flow in man by use of nitrous oxide in low 
concentrations. Am. 7. Physiol., 143: 53, 1945. 


before the end of ten minutes has ap- 
proached zero. Different technics have 
been used to obtain the mean A-V N,O 
difference over the entire ten-minute period 
of breathing N2O. Kety and Schmidt have 
taken multiple simultaneous samples and 
constructed curves for the arterial and 
venous concentrations of N2O. The A-V 
difference is calculated from the area be- 
tween the curves. Scheinberg and Stead? 
have drawn, at a constant rate, continuous 
samples of arterial and venous bloods over 
the ten-minute period of breathing. The 
mean A-V N,O difference per minute is 
obtained by subtracting the N2O concen- 
tration of the venous sample from that of the 
arterial sample and dividing by 10. AIl- 
though the absolute values for cerebral 
blood flow obtained by the continuous 
sampling technic have been higher than 
those reported by Kety and Schmidt, con- 
sistent results are obtained by either method. 
It should be emphasized that the blood flow 
is measured per 100 gm. of brain and that 
the method gives no information as to the 
total blood flow through the brain. If one- 
half the brain were removed and the function 
of the remainder unaltered, the value for 
cerebral blood flow as determined above 
should be unchanged. 


2 SCHEINBERG, P. and Steap, E. A., Jr. The cerebral 
blood flow in male subjects as measured by the nitrous 
oxide technique. Normal values for blood flow, oxygen 
utilization, glucose utilization, and peripheral resistance, 
with observations on the effect of tilting and anxiety. 7. 
Clin. Investigation, 28: 1163, 1949. 


* From the Department of Medicine, Duke University School of Medicine, Durham, N. C. 
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The oxygen consumption and the glucose 
consumption per 100 gm. of brain are calcu- 
lated by measuring the respective arterial- 
internal jugular differences and multiplying 
them by the cerebral blood flow. The 
respirator quotient is calculated from oxy- 
gen and carbon dioxide analyses on samples 
of arterial and internal jugular blood. 

The brain in the resting, fasting state 
receives about 14 per cent of the cardiac 
output. The cerebral blood flow is relatively 
constant in normal subjects and is not in- 
creased by apprehension,’ by stellate gan- 
gslion block** or by flushing doses of nico- 
tinic acid.” It is decreased in normal subjects 
by motionless standing? and during hy- 
perventilation,® and in patients with 
myxedema,’ pernicious anemia,*® cerebral 
arteriosclerosis‘ and heart failure.’ In cere- 
bral arteriosclerosis the reduction of blood 
flow occurs before there is any change in 
cerebral metabolic rate. As the process ad- 
vances, cerebral metabolic rate is reduced. 
In heart failure the usual reduction in 
cardiac output is accompanied by a propor- 
tionate reduction in cerebral blood flow. 
The increase in peripheral resistance seen 
in heart failure does not spare the cerebral 
circulation. ‘The cerebral blood flow is in- 


?For footnote see page 425. 

3 HARMEL, M. H., HAFKENsCHIEL, J. H., Austin, G. 
M., Crumpton, C. W. and Kety, S. S. The effect of 
bilateral stellate ganglion block on the cerebral circula- 
tion in normotensive and hypertensive patients. 7. Clin. 
Investigation, 28: 415, 1949. 

4 SCHEINBERG, P. Cerebral blood flow in vascular 
disease of the brain, with observations on the effect of 
stellate ganglion block. Am. 7. Med., 8: 139, 1950. 

5 SCHEINBERG, P. The effects of nicotinic acid on the 
cerebral circulation with observations of extra-cerebral 
contamination of internal jugular blood in the nitrous 
oxide procedure of cerebral blood flow. Circulation, 1: 
1148, 1950. 

6 Kety, S. S. and Scumipt, C. F. The effects of active 
and passive hyperventilation on cerebral blood flow, 
cerebral oxygen consumption, cardiac output and blood 
pressure of normal young men. 7. Clin. Investigation, 27: 
476, 1948. 

7 SCHEINBERG, P. Cerebral metabolism in hyper- 
thyroidism and myxedema. Federation Proc., 9: 113, 
1950. 

8 SCHEINBERG, P. Cerebral metabolism in pernicious 
anemia. 7. Clin. Investigation, 29: 843, 1950. 

9 SCHEINBERG, P. The cerebral circulation in con- 
gestive heart failure. Am. 7. Med., 8: 148, 1950, 


Editorial 


creased by uncomplicated anemia and by 
breathing COsz. 

The arterial-internal jugular oxygen dif- 
ference is approximately 6 vols. per cent. 
As the arterial-mixed venous oxygen dif- 
ference of the body is about 4 vols. per cent, 
the brain extracts more oxygen per unit of 
blood than does the body as a whole. It 
uses approximately 20 per cent of the oxygen 
taken in by the lungs. 

As yet no data are available on means of 
increasing the cerebral metabolism above 
the level found in the normally alert subject. 
Fever?! and thyrotoxicosis!! do not increase 
cerebral metabolism. In patients with myx- 
edema, advanced pernicious anemia, severe 
heart failure and advanced arteriosclerotic 
disease of the brain the cerebral oxygen 
consumption is quantitatively reduced. 
Qualitatively, the brain continues to utilize 
glucose as its source of energy and the 
glucose:oxygen ratio remains at the same 
value. 

The respiratory quotient of the brain is 
very close to unity. The brain normally 
obtains its energy from the breakdown of 
glucose. Because of the direct utilization of 
glucose from the blood stream there is a 
constant ratio between the cerebral arterio- 
venous oxygen and glucose differences. ‘The 
ratio is not equal to the theoretic ratio, 
which would be present if glucose were 
completely oxidized to CO, and water, be- 
cause a small amount of glucose appears in 
the cerebral venous blood as lactic and 
pyruvic acids. In the resting, fasting state 
the average person delivers into the hepatic 
vein about 112 mg. of glucose per minute.’? 
Of this the brain uses 78 mg., or 70 per cent, 
leaving only 34 mg. per minute for the rest 
of the non-splanchnic tissues. 

Patients with pernicious anemia and the 
familiar neurologic picture of combined 
system disease are of particular interest be- 


10 PATTERSON, J. Personal communications. 

11 SCHEINBERG, P. Cerebral circulation and metabolism 
in hyperthyroidism. (To be published in 7. Clin. In- 
vestigation.) 

12 Myers, J. D. Net splanchnic glucose production in 
normal man and in various disease states. (To be pub- 
lished in 7. Clin. Investigation.) 
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cause they show, on the one hand, the 
effects of anemia on the cerebral circulation, 
and on the other, the effects of the deficiency 
state on cerebral metabolism. When the 
hemoglobin level falls below 7 gm., the 
circulation to the brain is usually increased. 
That this is the effect of the anemia itself is 
shown by the slowing of the circulation as 
the anemia is corrected. Irrespective of 
whether severe anemia develops, the defi- 
ciency state present in untreated pernicious 
anemia will eventually cause a decrease in 
cerebral metabolism because of injury to 
the cells of the central nervous system. This 
injury is not reversible in many instances 
by treatment with liver extracts or vitamin 
Bio. In such patients the level of the cerebral 
blood flow is moderately increased when 
the hemoglobin level falls below 7 gm. but 
becomes abnormally slow when the anemia 
is corrected. The cerebral metabolism re- 
mains depressed in both the anemic and 
non-anemic states. 
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There is no simple correlation between 
the degree of depression of cerebral meta- 
bolic rate and the mental status. Ambulatory 
patients with pernicious anemia may have 
their cerebral metabolism depressed below 
the level of patients with diabetic coma. It 
is interesting to speculate on the causes for 
this difference in mental status. In diabetic 
acidosis the metabolism of all the brain cells 
is probably depressed. In chronic pernicious 
anemia a part of the neurons may be 
damaged or have died, and the metabolism 
of the remainder may be more nearly 
normal than that of any cells in the presence 
of diabetic coma. It is possible that an over- 
all depression of metabolism caused by the 
loss of certain nerve cells but with a normal 
function of the remaining cells is better 
tolerated than a slowing of metabolism of a 
similar degree when no nerve cells have 
died but all are functioning abnormally. 


EuGENE A. STEAD, JR., M.D. 
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Clinical Studies 


Effects of Diet in Essential Hypertension’ 


I, Baseline Study: Effects in Eighty-six Cases of Prolonged 
Hospitalization on Regular Hospital Diet 


DonaLtD M. WATKIN, M.D., HERMAN F. FROEB, M.D., FREDERICK T. HATCH, M.D. 
and ALEXANDER B. GUTMAN, M.D. 


New York, New York 


PREREQUISITE to evaluation of any 
form of management of essential 
hypertension is an appreciation of 

the vagaries of the natural history of the 
disease. Obviously, the fluctuations in 
blood pressure and other manifestations 
which may occur spontaneously during the 
period of treatment or as the result of hos- 
pitalization per se should not be attributed 
to the specific effects of therapy. Surprisingly 
little precise data on this aspect of essential 
hypertension are available however. 

In the course of observations during the 
control period preceding trial of the rice 
diet and related forms of dietary manage- 
ment of hypertension we have accumulated 
a considerable body of data concerning the 
effects of hospitalization on a standardized 
regular hospital diet. Recorded here are 
observations on symptomatology, blood 
pressure, heart size, electrocardiographic 
findings and retinopathy; other relevant 
control data will be included in our report 
on the effects of the rice diet! or in sepa- 
rate communications. The data presented 
provide baseline points of reference for gen- 
eral evaluation of the effects of any allegedly 
specific form of therapy in hypertension. 


MATERIAL AND METHODS 


Selection of Patients. Between July, 1948, and 
March, 1950, 105 patients with marked hyper- 
tension were admitted to this Service for study. 


They were selected from a total of approximately 
900 patients interviewed and examined at vari- 
ous New York City hospitals and clinics. Pa- 
tients were chosen with the view of instituting 
the rice diet after a suitable control period; and 
since it was our intention to give the rice diet a 
rigorous trial, only the most severe cases of 
essential hypertension available to us were ad- 
mitted. Preference was therefore given to 
patients with very marked hypertension, rapidly 
progressive manifestations of malignant hyper- 
tension and objective evidences of advanced 
hypertensive cardiovascular disease. The mini- 
mal acceptable blood pressure was 220/120 mm. 
Hg, except in a few instances presenting other 
features of interest. All patients agreed to remain 
in the hospital under observation for four to six 
months. 

Of the 105 patients admitted, 19 were ex- 
cluded from this study. Of these, seven died 
within two weeks of admission. Six were found 
to have chronic glomerulonephritis as the cause 
of their hypertension. Five, although exhibiting 
marked hypertension on acceptance in other 
hospitals or clinics, showed normal blood pres- 
sures after one or two days on this Service. One 
patient’s course was disrupted by so many 
episodes of cardiac arrhythmia that interpreta- 
tion of blood pressure changes was impossible. 

The remaining eighty-six patients with essen- 
tial hypertension constitute the subject of this 
report. Their medical background is indicated 
by the following tabulation of major complica- 
tions recorded in various hospitals and clinics 
prior to admission to this Service: 


* From the Columbia Research Service, Goldwater Memorial Hospital, and the Department of Medicine, 
Columbia University College of Physicians and Surgeons, New York City. This investigation was supported (in part) 
by a research grant from the Division of Research Grants and Fellowships of the National Institutes of Health, U. S. 
Public Health Service, and by a grant from the Lasker Foundation. 
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No. of 

Patients 
Abnormal electrocardiogram* ............... 59 
Myocardial infarction.................... 7 
Advanced retinopathy. 33 
Keith-Wagener-Barker grade m1............ 23 
Keith-Wagener-Barker grade Iv............ 10 
Congestive 31 
Cerebrovascular accidents................... 16 


Marked renal insufficiency (BUN > 50mg.%). 4 
Hypertensive encephalopathy................ 2 
* Exclusive of electrocardiograms showing digitalis 


effects. 


Standardization of Activity, Medication and Diet. 
Upon admission the patients were confined to 
bed with lavatory privileges for the first three 
weeks; then, if their condition permitted ambu- 
lation, they were allowed up for participation 
in regular ward activities. Medications such as 
digitalis, mercurial diuretics and sedatives were 
discontinued whenever possible. All patients 
were placed on a standard control diet of the 
following daily composition: 


Calculated Analysis 
(gm.) (gm.) * 

Proteim.......... 80 85.6 (13.7 N X 6.25) 
Sodium......... 2.2 3.98 (173 mEq.) 
Potassium....... 3.5 3.60 (92 mEq.) 


* N determined by macro-Kjeldahl technic. Na and 
K were determined by internal standard flame photo- 
meter after dry ashing. The figures cited are the means 
of several analyses. 


Weights were recorded daily. The mean 
change in weight over the period of this study 
was +0.3 kg., varying from +5.7 to —4.9. 

Hospital Work-up. Routine work-up of each 
patient included detailed history and physical 
examination, basal blood pressures, fun- 
duscopy, heart size in 2-meter films, electro- 
cardiogram, gastrointestinal x-ray series, basal 
metabolism, venous pressure, circulation time, 
amytal and cold pressor tests, erythrocyte sedi- 
mentation rate, hematologic examination, uri- 
nalyses, PSP excretion, urea clearance, serum 
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urea N or NPN, fasting blood sugar, glucose 
tolerance, serum cholesterol and _ cholesterol 
esters (Schoenheimer-Sperry method), phospho- 
lipids and neutral fat (Kendall-Davidson), 
total proteins, albumin and globulins (Howe 
method), sodium and potassium (by internal 
standard flame photometer), carbon dioxide 
content, calcium and phosphorus. When indi- 
cated, such additional examinations as benzo- 
dioxane test, eyeground photography, estima- 
tion of plasma volume, glomerular filtration rate 
(inulin), renal blood flow (PAH), Tmpag were 
made. In addition, a number of special studies 
were carried out for comparison with the rice 
diet period, as will be noted in our report on the 
effects of the rice diet.} 

Method of Taking and Recording Blood Pressure. 
Blood pressure measurements were made by 
assigned physicians and nurses with a mercury 
sphygmomanometer three times weekly in each 
patient before rising in the morning. Six suc- 
cessive readings at approximately thirty-second 
intervals were made. The lowest systolic and the 
lowest diastolic pressure reading of the six ob- 
tained was recorded as the basal pressure for 
that day. The three basal systolic and diastolic 
pressures for each week were averaged, recorded 
as the mean basal pressures for that week and 
used for further analysis. ) 

Basal blood pressure levels are not, of course, 
representative of the patients’ blood pressure 
levels throughout the day. However, they mini- 
mally reflect pressor responses associated with 
the act of recording the blood pressure and with 
other extraneous environmental factors. The 
blood pressure changes observed would therefore 
seem to have most significance in interpreting 
the objective effects of hospitalization, diet and 
other factors which were our principal interest. 
Actually, as the table on page 430 indicates, 
we found that the mean basal blood pressure 
for a given week often was not appreciably 
lower than the mean of all the blood pressure 
readings recorded the same week. 

Heart Size Measurements. Changes in heart 
size were calculated from measurements of the 
maximal transverse projection of the cardiac 
silhouette (in maximal inspiration) in 2-meter 
films obtained at the beginning and end of the 
period of hospitalization on a regular hospital 
diet. For the sake of uniformity, all measure- 
ments were made by the same physician. The 
predicted transverse diameter of the heart was 
calculated from tables of height and weight.’ 
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Electrocardiograms. Electrocardiograms were 
made with a standard Cambridge string-gauge 
galvanometer repeatedly at intervals of four to 
six weeks. The three standard limb leads and V5 
were recorded. Standardization of all tracings 
was checked. Patients recently receiving digitalis 
or still on digitalis therapy were not included in 
the analysis of electrocardiograms. 


Patient Age and Sex | Basal B.P. Mean B.P. 
A. A, 65 M 197/107 201/110 
H. Col. 47M 202/109 204/112 
R. C. 48 M 180/115 185/118 
H. F. 53 M 183/93 204/95 
C. H. 40 M 164/116 167/122 
S. La. 60 M 172/104 179/113 
B. P. 41M 175/109 186/120 
G. R. 54M 208 /122 211/125 
F. Ru. 40 M 172/123 178/126 
M. Ba. 40 F 224/158 236/160 
M. Be. 57 F 152/100 155/105 
Ma. C. 61 F 192/85 204/93 
J. Co. 32 F 202 /104 211/108 
D. K. 48 F 161/111 163/111 
M. Kn. 57 F 190/91 201/96 
S. Lau. 26 F 225/129 232/136 
I. Mu. 48 F 214/120 220/123 
H. O. 45 F 240/135 248 /137 
H. S. 51 F 214/105 216/109 
Mean: 193/112 200 /117 


Retinopathy. Examination of eyegrounds was 
made by consultant ophthalmologists at re- 
peated intervals during the period of hospitaliza- 
tion, for the sake of uniformity usually by the 
same consultant in individual patients. The 
Keith-Wagener-Barker classification of retinop- 
athy was employed.’ 


RESULTS 


Symptomatology. ‘Table 1 summarizes the 
presenting complaints of the patients on 
admission to this Service and again at the 
end of the period of hospitalization on a 
standardized regular diet (mean period of 
observation: 9.3 weeks). The number and 
percentage of patients showing improve- 
ment in each category is indicated. Obvi- 
ously, evaluation of largely subjective mani- 
festations is difficult and any estimate of 
improvement is open to large error. Never- 
theless a significant proportion of patients, 


varying from approximately 25 to 50 per 
cent in different categories, clearly derived 
substantial symptomatic benefit from the 
general measures employed. As might be 
anticipated, this improvement was most 
frequent in respect to manifestations of 
cardiac decompensation. On the other hand, 
severe and often incapacitating headaches 
associated with hypertension were apt to 
persist in spite of improvement in other 
respects. It will be noted that six of our pa- 
tients became completely asymptomatic in 
addition to those without subjective com- 
plaints referable to hypertensive cardio- 
vascular disease at the time of admission. 

Of the patients who showed no sympto- 
matic improvement during the period of 
hospitalization, three showed rapid progres- 
sion of the disease under observation. ‘These 
three (all in the malignant phase of essential 
hypertension) died—two in uremia and the 
third of subarachnoid hemorrhage. These 
deaths are in addition to the seven occurring 
within two weeks of admission and excluded 
from our series. 

Blood Pressure. ‘Table 11 summarizes the 
data on basal blood pressure levels in eighty- 
six patients with essential hypertension. A 
comparison is made of four periods of ob- 
servation. The mean basal acceptance blood 
pressure is that recorded in various clinics or 
hospitals by one of us when examining the 
patient for acceptance to this hospital, and 
represents the lowest systolic and the lowest 
diastolic reading of four to six readings with 
the patient at rest in the recumbent position. 
The basal blood pressure on admission is the 
lowest systolic and diastolic pressure re- 
corded on the first or second day of admis- 
sion. The mean basal blood pressures for 
the first week of hospitalization and the mean 
of the lowest systolic and diastolic pressures 
recorded during the final three weeks of 
hospitalization on a standardized regular 
hospital diet are also recorded for each 
patient. The duration of hospitalization 
(mean: 9.3 weeks) is indicated in the last 
column. 

Analysis of the differences in basal blood 
pressure at these four periods of observation 
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in the same patient is of considerable inter- 
est in pointing up fallacies in interpretation 
of the effects of various therapeutic regi- 
mens. Often a comparison is made with 
blood pressure readings in other hospitals or 
clinics, here represented by our acceptance 
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levels recorded (—83/—58, —88/-— 66, 
—52/—33 mm. Hg in cases E. R., An. Wa., 
L. Smk., respectively). In some such in- 
stances the drop in diastolic pressure was as 
striking as that in systolic, occasionally 
more so. 


TABLE I 
PRESENTING SYMPTOMS IN EIGHTY-SIX PATIENTS WITH ESSENTIAL HYPERTENSION AND INCIDENCE OF 
SYMPTOMATIC IMPROVEMENT AFTER PROLONGED HOSPITALIZATION 


On Admission At End of Observation Improved 
Symptom Per Per 
Fe- cent Fe- cent pa. Per 
Males Total Males Total of Pa- 
males of 86 males of 86 cent 
tients 
Cases Cases 
Severe headaches.................... 17 22 39 45 13 16 29 34 10 26 
16 18 34 40 10 9 19 22 15 44 
8 9 17 20 8 4 12 14 5 29 
6 10 16 19 5 6 11 13 5 31 
i 6 7 13 15 1 5 6 7 7 54 
Heart consciousness.................. 3 7 10 12 3 5 8 9 2 20 
Paralysis from cerebral vascular accident. 6 6 12 14 6 6 12 14 0 0 
Nausea and vomiting................. 1 5 6 7 1 3 4 5 2 33 
1 4 5 6 1 2 3 3 2 40 
1 4 5 6 1 4 5 6 0 0 
wes 2 2 4 5 2 1 3 3 1 25 


blood pressures. Frequently the blood pres- 
sures obtained on the first day or two of 
admission are employed as a baseline for 
evaluation of therapy. Inspection of the 
data in Table 0 reveals that both practices 
may lead to large error. 

Striking differences were found to occur 
between the acceptance blood pressures (mean: 
227/129 mm. Hg) and the basal blood 
pressures obtained both on the first or second 
day of admission to this Service and during 
the first week of hospitalization (means: 
202/114 and 200/112, respectively). The 
differences between these means (—25 /—15 
and —27/—17 mm. Hg, respectively) are 
large but nevertheless do not adequately 
reflect the extraordinary and unpredictable 
variations encountered in individual cases. 
Comparing acceptance blood pressures with 
the mean of readings in the first week of 
hospitalization, for example, many pa- 


tients showed a remarkable fall in both 


systolic and diastolic basal blood pressure 
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Falls in basal blood pressure of this magnitude 
were encountered even in patients well known 
to us in our outpatient clinic. Case M. T. was a 
woman fifty-five years of age whose basal blood 
pressure was recorded by one of us on seven 
different occasions over a period of three months 
as follows: 228/108, 190/100, 210/100, 240/105, 
230/110, 230/110 and 220/108 mm. Hg. The 
first basal blood pressure reading obtained after 
admission to the hospital was 153/88 and the 
mean of the basal blood pressures recorded 
during the first week was 170/93 mm. Hg. 


By way of contrast, examination of 
Table 11 will reveal many instances in which 
the differences between systolic and /or 
diastolic blood pressures on acceptance and 
in the first week of hospitalization were in- 
significant and a few in which there were 
significantly increased levels. 

Comparison of basal blood pressure read- 
ings recorded on the first day or two of ad- 
mission to this Service with the mean 
basal levels for the first week in the hospital 
discloses large and unpredictable differences 
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TABLE II 
EFFECTS OF PROLONGED HOSPITALIZATION (STANDARDIZED REGULAR HOSPITAL DIET) ON BASAL BLOOD 
PRESSURE OF EIGHTY-SIX PATIENTS WITH ESSENTIAL HYPERTENSION 
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Mean Basal Blood Pressure Levels 


Age 
Patient and | of Hyper- A First Final 
Sex tension Week Aa-—c Three Ac—a |P (wk.) 
(yr.) (c) (mm. Hg) | Weeks (mm. Hg) 
(mm. Hg)| (mm. Hg)| #8) 
A. A. 65 M 2 210/115 | 200/118 | 196/113 | — 14/— 2 | 196/109 |; + 0/— 4 15 
C. A. 58 M 10 220/120 | 186/100 | 197/107 | — 23/—13 | 191/105 | — 6/— 2 11 
Mu. C., 57 M 3 204/100 | 220/105 | 199/ 99 | — 5/— 1 | 188/ 96 | —11/— 3 12 
H. Col. 47M 5 214/114 | 228/124 | 222/111 | + 8/— 3 | 214/111 | — 8/+ 0 8 
R. C. 48 M 11 204/148 | 212/126 | 203/119 | — 1/—29 | 181/113 | —22/— 6 7 
A. Co. 46M 0.5 230/160 | 190/130 | 190/130 | — 40/—30 | 218/142 | 4+28/+412 10 
S. D. 52 M 13 254/148 | 202/116 | 209/118 | — 45/—30 | 215/133 | + 6/+15 9 
D. D. 38 M 8 220/160 | 182/130 | 191/133 | — 29/—27 | 197/141 | + 6/+ 8 7 
A. D. 44M 2 190/125 | 208/124 | 191/116 | + 1/— 9 | 170/107 | —21/-— 9 9 
H. F. 53 M 4 240/120 | 202/ 92 | 196/ 93 | — 44/—27 | 191/ 90 | — 5/— 3 13 
R. G. 53 M 4 240/130 | 223/120 | 220/113 | — 20/—17 | 207/117 | —13/+ 4 8 
F. H. 49M 5 230/110 | 198/104 | 209/112 | — 21/+ 2 | 208/107 | — 1/— 5 6 
C. H. 40 M 7 180/120 | 160/110 | 175/121 | — 5/— 1 | 163/113 | —12/-— 8 16 
W. H. 59 M 20 185/105 | 196/ 98 | 215/107 | + 30/+ 2 | 203/104 | —12/— 3 11 
H. H. 67 M 10 220/ 98 | 198/ 88 | 199/ 88 | — 21/—10 | 177/ 79 | —22/-— 9 6 
P. K. 59 M 1 175/111 | 163/115 | 171/117 | — 4/+ 6 | 150/ 97 | —21/—20 20 
G. K. 48 M ? 220/120 | 244/118 | 244/118 | + 24/— 2 | 226/128 | —18/+10 7 
C. La. 54M 1.5 230/120 | 228/106 | 201/ 97 | — 29/—23 | 205/ 93 | + 4/-— 4 8 
S. La. 60 M 2 180/130 | 167/109 | 182/117 | + 2/—13 | 176/105 | — 6/—12 6 
B. L. 60 M 2 320/150 | 222/116 | 218/113 | —102/—37 | 215/ 84 | — 3/-—29 12 
T. Mc. 46M 3 230/140 | 220/126 | 221/120 | — 9/—20 | 200/140 | —21/+20 6 
J. Mc. 42M 10 218/136 | 218/136 | 162/103 | — 56/—33 | 180/119 | +18/+16 6 
D. Mc. 56 M 12 220/140 | 186/132 | 179/117 | — 41/—23 | 195/131 | +16/+14 7 
Al. Ma. 59 M 5 208/130 | 188/125 | 188/121 | — 20/— 9 | 167/110 | —21/—11 6 
F. M. 40 M 0.3 250/150 | 219/140 | 214/148 | — 36/— 2 | 214/150 | + 0/+ 2 3 
S. N. 52 M 10 225/145 | 218/120 | 210/126 | — 15/—19 | 191/113 | —19/—13 6 
B. P. 41M 19 240/130 | 220/130 | 210/129 | — 30/— 1 | 174/112 | —36/—17 13 
E. R. 61 M 15 255/160 | 224/144 | 172/102 | — 83/—58 | 170/ 96 | — 2/— 6 10 
G. R. 54 M 5 210/140 | 210/124 | 205/130 | — 5/—10 | 205/121 | + 0/-— 9 10 
C. Ro. 49M 7 225/122 | 180/100 | 183/100 | — 42/—22 | 201/109 | +18/+ 9 11 
F. Ru. 40 M 1 220/120 | 180/126 | 181/124 | — 39/+ 4 } 172/121 | — 9/— 3 14 
M. SI. 50 M 5 265/120 | 205/ 74 | 208/ 83 | — 57/—37 | 215/ 93 | + 7/410 4 
F. Sm. 64 M 7 240/110 | 176/ 90 | 204/ 97 | — 36/—13 | 200/101 | — 4/+ 4 15 
Ss. S. 45M 8 206/126 | 215/132 | 208/128 | + 2/+ 2 | 207/131 | — 1/+ 3 7 
W. Su. 29M 10 220/100 | 166/112 | 172/115 | — 48/415 | 196/130 | +14/+15 6 
L. T. 49M 4 180/130 | 178/120 | 178/120 | — 2/—10 | 187/128 | + 9/+ 8 7 
G. W. 48 M 2 210/110 | 164/ 88 | 172/ 93 | — 38/—17 | 159/ 89 | —13/— 4 14 
Ab. Wa. | 53M 12 230/120 | 198/104 | 198/104 | — 32/—16 | 186/114 | —12/+10 6 
M. Ba. 40 F 4 240/160 | 236/149 | 227/147 | — 23/—13 | 224/152 | — 3/+ 5 9 
F. B. 55 F 2.5 210/104 | 187/104 | 191/104 | — 19/+ 0 | 197/105 | + 6/+ 1 7 
M. Be. 57 F 14 222/130 | 166/122 | 171/122 | — 51/— 8 | 153/ 99 | —18/—23 9 
D. B. 38 F 2 190/120 | 164/103 | 154/ 94 | — 36/—26 | 148/ 95 | — 6/+ 1 7 
C. B. 63 F 1 260/130 | 248/124 | 248/124 | — 12/— 6 | 171/ 84 | —77/-—40 11 
S. C. 37 F 7 200/125 | 158/108 | 166/108 | — 34/—17 | 173/108 | + 7/+ 0 3 
J. Cl. 50 F 10 220/110 | 204/110 | 202/103 | — 18/— 7 | 200/ 98 | — 2/— 5 12 
Ma. C 61 F 9 230/130 | 254/114 | 223/99 | — 7/—31 | 224/ 96 | + 1/— 3 13 
J. Co. 32 F <5 228/150 | 212/130 | 184/115 | — 44/—35 | 162/111 | —22/— 4 8 
O. C. 67 F 4 220/140 | 196/ 95 | 192/100 | — 28/—40 | 142/ 87 | —50/—13 7 
C. D. 42 F 17 230/150 | 221/104 | 228/116 | — 2/—34 | 243/129 | +15/+13 8 
A. Fa. 42 F 15 290/160 | 214/134 | 226/135 | — 64/—25 | 244/141 | +18/+ 6 5 
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TABLE 11.—(Continued) 
Mean Basal Blood Pressure Levels 
Known 
Age | Duration Duration 
Patient and | of Hyper- A On . On First Final jase 
Sex tension Admis- Week Aa-c Three 
(yr.) (a) “(b) (c) (mm. Hg) | Weeks (d)| (mm. Hg) ‘ 
(mm. Hg)| (mm. Hg) (mm. Hg) (mm. Hg) 
A. Fe. 54 F 15 230/135 | 240/112 | 242/103 | + 12/—32 | 228/ 84 | —14/-—19 9 
T. F. 51 F 6 230/150 | 194/120 | 191/119 | — 39/—31 | 174/ .5 | —17/—24 21 
E. G. 53 F 1 210/114 | 248/128 | 221/125 | + 11/+11 | 202/122 | —19/— 3 7 
S. G. 40 F 2 220/110 | 200/128 | 182/ 87 | — 38/—23 | 173/ 88 | — 9/+ 1 7 
S. Ka. 55 F 6 220/120 | 160/100 | 156/ 99 | — 64/—21 | 162/ 92 | + 6/— 7 13 
D. K. 48 F 7 220/130 | 160/120 | 159/100 | — 61/—30 | 165/109 | + 6/+ 9 7 
M. Ki. 54 F 16 290/150 | 230/138 | 239/133 | — 51/-—17 | 237/125 | — 2/-— 8 8 
A. K. 34 F 4 250/130 | 139/ 90 | 150/ 93 | —100/—37 | 156/ 88 | + 6/— 5 17 
M. Kn. 57 F 30 220/130 | 220/ 96 | 215/ 93 | — 5/—37 | 187/ 92 | —28/-— 1 12 
S. Kr. 54 F 5 290/130 | 256/110 | 245/105 | — 45/—25 | 245/106 | + 9/+ 1 5 
A. L. 51 F 23 237/121 | 206/120 | 206/120 | — 31/— 1 | 204/116 | — 2/-— 4 8 
S. Lau. 26 F 5 250/140 | 240/135 | 230/124 | — 20/—16 | 239/137 | + 9/+13 15 
C. Lo. 33 F 13 220/130 | 190/ 98 | 192/106 | — 28/—24 | 190/109 | — 2/+ 3 8 
An. Ma. | 49 F 20 260/145 | 236/136 | 235/137 | — 25/— 8 | 208/122 | —27/-—15 8 
A. Man. | 44 F 11 185/100 | 213/116 | 208/109 | + 23/+ 9 | 203/115 | — 5/+ 6 3 
E. M. 70 F 4 240/120 | 212/ 98 | 203/ 94:| — 37/—26 | 191/ 89 | —12/— 5 13 
A. Mo. 40 F 4 210/140 | 198/126 | 219/130 | + 9/—10 | 206/122 | —13/— 8 8 
I. Mu. 48 F 1.5 230/130 | 237/128 | 208/116 | — 22/—14 | 206/112 | — 2/— 4 12 
J.N. 45 F 4 230/130 | 228/126 | 230/137 | + O/+ 7 | 216/132 | —14/— 5 8 
I. O. 58 F 9 164/100 | 166/ 88 | 177/ 93 | + 13/— 7 | 200/101 | +23/+ 8 8 
H. O. 55 F 4 260/160 | 253/140 | 236/135 | — 24/—25 | 240/129 | + 4/— 6 8 
M. P. 46 F 6 220/115 | 213/130 | 191/104 | — 29/—11 | 206/113 | +15/+ 9 6 
M. R. 37 F 7 218/119 | 194/112 | 185/111 | — 33/— 8 | 178/107 | — 7/— 4 5 
Y.R. 44F 16 250/160 | 244/166 | 235/160 | — 15/+ O | 227/147 | — 8/—13 7 
A. R. 38 F 3 215/123 | 150/ 98 | 150/ 98 | — 65/—25 | 158/102 | + 8/+ 4 5 
F. Ro. 59 F 2 190/125 | 166/ 98 | 165/101 | — 25/—24 | 155/ 94 | —10/— 7 9 
A. S. 70 F 10 200/110 | 180/ 98 | 164/ 89 36/—21 | 150/ 86 | —14/— 3 7 
L. Smk. 48 F 8 220/125 | 174/ 94 | 168/ 92 | — 52/—33 | 169/ 99 | + 1/+ 7 4 
H. S. 51 F 10 240/140 | 244/122 | 237/116 | — 3/—24 | 197/102 | —40/—14 9 
E. S. 54 F 1 200/100 | 206/100 | 207/101 | + 7/+ 1 | 186/ 86 | —21/—15 18 
M. Su. 66 F 7 215/120 | 238/106 | 239/111 | + 24/— 9 | 167/ 86 | —72/—25 15 
M. T. 55 F 10 220/108 | 153/ 88 | 170/ 93 | — 58/—15 | 157/ 84 | —13/— 9 19 
C. V. 52 F 5 230/140 | 144/ 84 | 178/100 | — 52/-—40 | 167/100 | —11/+ 0 16 
An. Wa. | 47 F 7 260/150 | 182/ 86 | 178/ 84 | — 88/—66 | 158/ 84 | —20/+ 0 15 
A. Wil. 54 F 12 270/150 | 230/120 | 235/125 | — 35/—25 | 208/112 | —17/—13 5 
A. Win. 50 F 4 198/110 | 186/ 90 | 185/ 91 | — 13/-—19 | 163/ 86 | —22/— 5 7 
Average of 
38 males | 50.9 222/127 | 200/115 | 197/113 | — 25/—14 | 192/113 | — 5/+ 0 9.3 
Average of 
48 females | 49.5 230/130 | 204/113 | 201/111 | — 29/—19 | 191/106 | —10/— 5 9.4 
Average of 
86 patients} 50.1 227/129 | 202/114 | 200/112 | — 27/—17 | 192/109 | — 8/— 3 9.3 


in many individual patients despite the 
small difference in the means for the group 
as a whole. As might be anticipated, in 
most instances the readings on admission 
fell between the acceptance blood pressure 
levels and those representing the mean for 
the first week of hospitalization but there is 
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wide variation between these limits and 
there are a number of exceptions to the 
general trend. Because of the many en- 
vironmental factors influencing the blood 
pressure on the first day or two of hospitali- 
zation, even when basal levels are recorded, 
we have elected to use the mean of the 
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basal blood pressures obtained throughout 
the first week of hospitalization as the more 
statistically sound baseline. Similar con- 
siderations led us to employ the mean of the 
basal blood pressures of the last three weeks 
of hospitalization as our endpoint, rather 
than the mean for the last week alone. 


—8/—3 mm. Hg. The major proportion of 
patients showed comparatively little change 
in basal blood pressure; as Table m indi- 
cates, the over-all change in basal systolic 
pressure was within + 10 mm. Hg in forty 
instances, the over-all change in _ basal 
diastolic pressure was within +5 mm. Hg in 
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Fic. 1. Comparison of mean basal blood pressures in first week of hospitalization with mean basal 
blood pressures of last three weeks of hospitalization. Points falling above solid diagonal represent 
patients showing increases in basal blood pressure; points falling below represent decreases. ‘The 
broken lines in the area of diastolic pressures (circles) indicate the limits +10 mm. Hg; the broken 
lines in the area of systolic pressures (crosses) indicate the limits +15 mm. Hg. 


Comparison of mean basal blood pres- 
sures in the first week of hospitalization with 
the mean basal blood pressures obtained in 
the last three weeks of hospitalization on a 
standardized regular diet brings out several 
significant points. (Table 1 and Fig. 1.) 
The difference in the means of the two 
groups (200/112 and 192/109 mm. Hg, 
respectively) is conspicuously small, only 


thirty-nine instances, and only nine patients 
showed both a fall in basal systolic pressure 
greater than 20 mm. Hg and a fall in basal 
diastolic pressure greater than 10 mm. Hg. 

This apparent over-all stability of our 
patient population was, of course, condi- 
tioned in part by the rigid initial selection 
of cases and by the use of basal blood pres- 
sure measurements made under standardized 
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conditions intended to minimize fluctuations 
due to environmental influences. It is there- 
fore all the more significant, as more de- 
tailed examination of the data in Table u 
reveals, that the individual response to 
prolonged hospitalization was so variable in 
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final basal blood pressure was 165/95 or 
less in nine instances. 

In addition to the over-all degree of change 
in basal blood pressure which occurred be- 
tween the first week and the last three weeks 
of hospitalization, the rate at which such 


TABLE III 
ANALYSIS OF CHANGES IN BASAL BLOOD PRESSURE ASSOCIATED WITH HOSPITALIZATION IN EIGHTY-SIX 


PATIENTS WITH ESSENTIAL HYPERTENSION 


Chante Change in Systolic Pressure (mm. Hg) 
Diastolic goo 
Pressure 

+11 to +1 to —11 to —21 to Totals 

(mm. Hg) | > +20] 4 10 0 

+ 6to +10 |0,1(1) | 2,2 (4)/1, 1 (2)]...... 5, 6 (11) 

tua 1, 2 &. Gi ....<. 9, 14 (23) 

0, 2 (2)}1,0(1)] 1, 1 (2)]2, 2 (2)]...... 6, 5 (11) 

Systolic group 

totals 1,1 (2) | 5,3 (8) | 5,10 (15) | 2,0 (2) | 10, 13 (23) | 9, 12 (21) | 5, 5 (10) | 1, 4 (5) | 38, 48 (86) 


* First figure indicates number of males, second figure number of females, third figure in parentheses gives total 


number of patients in each category. 


sO many patients as to make prediction, on 
the basis of observations in the first week, 
extremely hazardous. As indicated in Table 
m1, fifty-nine of the eighty-six patients 
showed a fall in basal systolic pressure 
which in fifteen instances exceeded —20 
mm. Hg; whereas twenty-seven patients 
showed no change or a rise in basal systolic 
pressure which exceeded +20 mm. Hg in 
two instances. Of the fifty-one patients 
whose basal diastolic pressure fell, the fall 
in seventeen instances exceeded —10 mm. 
Hg; while thirty-five patients showed no 
change or a rise in basal diastolic pressure 
which exceeded +10 mm. Hg in eight 
instances. It should be noted (Table m) that 
as a result of hospitalization alone the basal 
diastolic pressure in twenty-three of these 
eighty-six patients fell to 95 mm. Hg or 
below, the basal systolic pressure in fourteen 
fell to 165 mm. Hg or below, and that the 
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changes occurred was subjected to analysis. 
These data are of interest in regard to the 
duration of control observations required to 
attain a state of stabilization before initiat- 
ing the experimental period of observation, 
whether on the rice diet or other forms of 
therapy. Here again there was marked and 
unpredictable variation in the response of 
individual patients. Figure 2 illustrates the 
more common variations in type and rate of 
change in weekly mean basal blood pres- 
sures observed. Case A. A. is representative 
of the largest single group of patients, 
namely, those who showed either no distinct 
change in blood pressure levels throughout 
the period of observation or only an in- 
significant decline. Case H. S. is representa- 
tive of twelve patients who showed a 
gradual fall to stable levels. In general, 
when maximal falls exceeding 10 mm. Hg 
systolic or diastolic pressure occurred, the 
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peak response usually appeared after six 
weeks of hospitalization, so that unless the 
control period of hospitalization were suff- 
ciently prolonged these responses would be 
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Fic. 2. Basal blood pressure response to hospital- 
ization in five patients, illustrating the five more 
common variations encountered. The top of each 
bar indicates mean basal systolic pressure for one 
week, the bottom of each bar indicates mean basal 
diastolic pressure for that week. 


attributed to the specific effects of therapy. 
In six patients, however, a marked and 
persistent fall in blood pressure occurred 
within the first three weeks of hospitalization 
(Case M. Su.). Case I. O. represents a group 
of sixteen patients whose blood pressure 
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Fic. 3. Histogram representing frequency distribu- 
tion of per cent deviation of measured from pre- 
dicted (normal) transverse cardiac diameter in 
forty-five patients at the beginning and at the end 
of the period of hospitalization. 


fluctuated up and down widely during the 
period of observation, stabilization never 
being achieved in some instances. Case A. 
Co. is illustrative of the few patients who 
showed a steady rise in both systolic and 
diastolic blood pressure. 

Heart Size. Satisfactory data on changes 
in heart size during the period of hospitaliza- 
tion are available in forty-five cases. Of these 
twenty were in congestive failure on ad- 
mission and were receiving digitalis therapy 
which had to be continued throughout the 
period of observation in twelve instances but 
could be withdrawn in eight cases. 

Figure 3 is a frequency-distribution curve 
indicating the per cent difference of the 
measured from the predicted transverse 
diameter of the cardiac silhouette at the 
beginning and at the end of the period of 
hospitalization on a standardized regular 
hospital diet. It will be noted that thirty- 
seven of the forty-five patients initially were 


AMERICAN JOURNAL OF MEDICINE 


| 
12 
6 
10 O +10 *20 +30 +40 +50 +60 


Essential Hypertension— Watkin et al. 


found to have cardiac transverse diameters 
more than 10 per cent above prediction 
based on patient height and weight and 
that after hospitalization this number was 
virtually unchanged (thirty-six patients). 
However, a reduction in heart size greater 
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Electrocardiograms. Canabal and Warne- 
ford-Thompson,° in a study of fifty hyper- 
tensive patients followed for eight years, 
noted progressive electrocardiographic 
changes in 50 per cent, no significant change 
in 40 per cent and spontaneous regression 


TABLE IV 
EFFECT OF HOSPITALIZATION ON HEART SIZE 
Number of Patients 
ean 
Mean Period of | Change in Mean 
Change in Ps . . Weight 
Hospitali- Diastolic 
With Markedly Heart Size : Change 
Total | Enlarged | Decom- (cm.) He) (kg.) 
Heart gitalis wk. 1g 
Reduction > 1cm....... 5 4 2 2 —1.6 11.4 —1.6 —5.4 
Reduction <1cm....... 40 34 12 10 +0.13 8.3 —3.7 +0.1 
TABLE V 


CHANGES IN ELECTROCARDIOGRAMS OBSERVED DURING PROLONGED HOSPITALIZATION IN FORTY-ONE 
PATIENTS WITH ESSENTIAL HYPERTENSION 


Total Duration of Change in Basal | Change in; Change in 
Number | Hospitalization | Diastolic Pressure | Heart Size | Body Weight 
Patients (wk.) (mm. Hg) (cm.) (kg.) 
Changes Toward Normal in ECG 6 
A. K., female, 34.............. 17 — 4 —2.2 —11.3 
M. Ba., female, 40............. + 1 +1.1 + 1.4 
M. P., female, 46... +11 —0.5 + 0.2 
Means: 13.0 — 3.6 —0.5 — 2.6 
No Change in ECG............... 35 Means: 7.3 — 4.9 —0.03 + 0.2 


than 1 cm. was noted in five cases, the mean 
reduction in this group being 1.6 cm. (Table 
Iv.) This was not associated with any signifi- 
cant fall in diastolic blood pressure, but may 
have been related to reduction in weight‘ in 
two obese patients who voluntarily restricted 
their diet, with restoration of compensation 
on digitalis in two patients, and with both 
factors in the fifth patient. The remaining 
forty patients showed no significant reduc- 
tion in heart size during the period of ob- 
servation although thirty-four had cardiac 
enlargement and twelve were markedly de- 
compensated on admission to the hospital. 
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toward normal in 10 per cent of their pa- 
tients. Improvement in the ECG occurred 
exclusively in women under the age of fifty 
and was usually minor in degree. Bech- 
gaard® found regression toward normal in 
electrocardiograms in only 3 per cent of 
264 hypertensive patients followed eleven 
years. Both these studies were conducted in 
clinic outpatients. 

Table v summarizes our findings in the 
forty-one patients suitable for this study. 
Spontaneous changes toward normal, as 
indicated by tendency of inverted ‘IT’ waves 
to become upright and depressed S-T seg- 
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A. K. (34 F.) 


T. F. (51 F.) 


H. F. (53 M.) 


4-28-49 8-19-49 5-23-49 


M. P. (46 F.) 


M. T. (55 F.) 


10-30-48 
M. Ba. (40 F.) 


10-13-49 9-9-48 


7-28-48 9-2-48 4-13-49 


8-9-49 1-8-49 3-2-49 


Fic. 4. Effect of hospitalization on the electrocardiograms of six patients. A. K.: T; and T2 tended to become 
upright. T. F.: IT, became less markedly inverted, T; tended to become upright, Tv; became upright. n. F.: T, 
and Tv; tended to become upright, T: more distinctly upright. m. p.: T; and Tv; changed from inverted to 
upright. M. T.: Ti, T2, Tvs changed from inverted to upright. M. Ba.: T; and Tv; changed from inverted to 


upright, T2 more definitely upright. 


ments to become isoelectric, were observed 
in six patients (Fig. 4), five of whom were 
females. It will be noted (Table v) that 
there were no significant differences with 
respect to changes in basal diastolic blood 
pressure, heart size or body weight between 
the cases showing apparent improvement 


and those who did not. The mean duration 
of hospitalization, however, was greater in 
those patients with electrocardiographic 
changes toward normal. Whether this 
signifies that such changes might have oc- 
curred spontaneously over a_ prolonged 
period in any environment, or that the 
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hospital environment itself exerted some 
beneficial effect, cannot be ascertained. 

Retinopathy. ‘Table v1 summarizes the 
eyeground changes observed over the period 
of hospitalization on a standard hospital 
diet (mean: 9 weeks) in forty-nine patients 
with Keith-Wagener grade 1 or more ad- 
vanced retinopathy and in whom we have 
adequate descriptions or photographs. Ac- 
cording to this system of classification, 
grade I-11 refers to vessel caliber and related 
changes only; grade m1 includes superim- 
posed exudates, hemorrhages, retinal edema 
or peripapillitis; grade Iv is characterized 
by the presence of papilledema. 

Five of the sixteen patients in grade 1 
showed progression of vessel changes such 
as increased spasticity, pallor of vessel walls, 
crossing signs and sheathing of vessels and 
decrease in A-V ratio; in two of these 
patients one hemorrhage and one exudate 
appeared so that they were reclassified as 
grade patients appeared to show 
spontaneous improvement in A-V ratio, 
crossing signs and spasticity but remained in 
grade Il. 

Five of the twenty-three patients in 
grade 11 showed progressive worsening of 
vascular phenomena while under observa- 
tion, one of these also developing increased 
numbers of exudates and hemorrhages, and 
two showing increased peripapillary edema 
not considered to warrant the designation of 
papilledema. Eight patients showed im- 
provement in retinopathy, in two instances 
with disappearance of hemorrhages (re- 
classified as grade 11), in four with regression 
of peripapillary edema and reduction in 
number but not disappearance of hemor- 
rhages and exudates, and two with improve- 
ment in vessel changes associated with some 
reduction in hemorrhages and exudates. 

Of the ten patients in grade Iv, two 
showed spontaneous disappearance of papil- 
ledema and were reclassified in grade 11; 
two others showed improvement, some 
reduction in papilledema in one instance 
and reduction in peripapillitis in the other. 
One patient showed definite worsening of 
retinopathy, with increased peripapillary 
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edema, more numerous hemorrhages and 
progressive vessel changes. 

In none of the cases exhibiting alterations 
in eye grounds during the period of hos- 
pitalization could a distinct correlation with 
changes in basal systolic or diastolic pres- 
sure be made out. 


TABLE VI 
CHANGES IN HYPERTENSIVE RETINOPATHY OBSERVED 
DURING PROLONGED HOSPITALIZATION IN FORTY-NINE 
PATIENTS WITH ESSENTIAL HYPERTENSION 


Initial 
Total Keith- 
No Im- | Keith-Wagener- 
Wagener- 
Grade rade 
16 0 9 5 2 | wm (14 patients) 
m1 ( 2 patients) 
23 Il 10 5 8 11 ( 2 patients) 
m1 (21 patients) 
10 IV 5 1 4 11 (2 patients) 
1v (8 patients) 


Miscellaneous Laboratory Findings. No sig- 
nificant changes were noted in other labora- 
tory data obtained during the course of 
hospitalization on a standardized regular 
hospital diet. Of interest, however, were the 
results of serum cholesterol and phospholipid 
determinations. The mean serum total cho- 
lesterol level was found to be higher by 
33 mg. per cent than the mean of our con- 
trol normotensive series. In addition, re- 
peated determinations revealed that in 
two-thirds of the cases greater fluctuations 
in serum cholesterol levels occurred than 
are observed in normal subjects. The serum 
phospholipid content was found to bear the 
same close relationship to cholesterol level 
as reported by Albrink et al.’ It would ap- 
pear, therefore, that in respect to lipid 
metabolism patients with essential hyper- 
tension form a heterogeneous group which, 
as might be anticipated, includes a number 
of individuals with the characteristics of 
patients with coronary atherosclerosis.* Fur- 
ther details regarding these relationships in 
serum lipids and their implications will 
appear elsewhere since no evidence was 
obtained that prolonged hospitalization 
on a regular hospital diet had any signifi- 
cant influence on this aspect of essential 


hypertension. 
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COMMENT 


It is generally recognized that the mani- 
festations of essential hypertension, in par- 
ticular blood pressure levels, are subject to 
wide spontaneous fluctuation®!® and that 
hospitalization per se is apt to give at least 
temporary benefit. It is also generally ap- 
preciated that precise data on these points 
are largely lacking but while this important 
deficiency has been much deplored little 
effort appears to have been made, at least 
with adequate organization and on a sufh- 
ciently large scale, to rectify the deficiency. 
The data recorded here are not sufficient to 
satisfy the general requirement since too few 
subjects have been studied and these few 
were too highly selected to give a repre- 
sentative cross section of the hypertensive 
population. It is significant, however, that 
these highly selected patients showed such 
extraordinary individual variation since 
they were deliberately chosen for manifesta- 
tions of advanced essential hypertension of 
long duration and hence might be expected 
to show more stability and relatively less 
transient fluctuation. The need of further co- 
ordinated studies of this type in larger groups 
of hypertensive patients seems evident. 

In analyzing our data no attempt was 
made to differentiate changes referable 
directly to the hospital environment from 
such spontaneous fluctuation in course as 
might have occurred over the same period 
of time in any environment, since such a 
dissociation obviously is impracticable. 

The data presented emphasize clearly the 
necessity for a prolonged control period of 
hospitalization in the evaluation of any 
therapeutic program conducted on patients 
in a hospital environment. The variation 
in response to hospitalization per se is so 
great and so unpredictable in the individual 
patient that each subject must serve as his 
own control. Otherwise, valid appraisal of 
the specific effects of therapy would seem 
to be quite impossible. 


SUMMARY 


1. To provide baseline points of reference 
for evaluation of the results of allegedly 
specific treatment of essential hypertension 
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in a hospital environment, a study was 
made of the effects of hospitalization per se 
in eighty-six patients observed for a mean 
period of nine weeks on a standardized 
regular diet. 

2. Observations on changes in symptom- 
atology, basal blood pressure, heart size, 
electrocardiographic findings and retinop- 
athy are recorded. 

3. Precise data are afforded to support 
the general impression that the response of 
individual patients with essential hyper- 
tension to hospitalization per se is so variable 
and unpredictable that a prolonged period 
of observation is a prerequisite to valid 
appraisal of the specific effects of therapy. 
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| ECENT reports by Kempner’ de- 
R scribing impressive results obtained 

in the treatment of hypertensive 
cardiovascular disease by a stringent rice- 
fruit-sugar dietary regimen have reawak- 
ened interest in the use of low-sodium diets 
in hypertension.*® As prescribed by Kemp- 
ner, the rice diet consists of an average of 
250-350 gm. rice (dry weight) daily to 
which white sugar or dextrose may be added 
ad libitum, also any kind of fruit juice or 
fruit except nuts, dates, avocadoes or any 
dried or canned fruit or fruit derivatives to 
which substances other than white sugar 
have been added. Fluid intake is restricted 
to 700-1,000 ml. per day in the form of 
fruit juices. This diet according to Kemp- 
ner® contains, per 2,000 calories, not more 
than 5 gm. fat, about 20 gm. protein de- 
rived from rice and fruit, not more than 
200 mg. chloride and 150 mg. sodium, and 
is devoid of cholesterol. Apart from a daily 
vitamin and iron supplement no medication 
is given unless specifically indicated. The 
strict rice diet is generally continued without 


modification for about 100 days or until the 


conditions which indicated its use have 
disappeared; small amounts of non-legumi- 
nous vegetables, potatoes, lean meat or fish, 
prepared without salt or fat, may then be 
added as modifications of the strict rice diet. 
Kempner® estimated that 322 (64.4 per 
cent) of 500 patients, most of whom were 


seriously ill and had failed to respond to 
other forms of treatment, were benefited by 
the rice diet as judged by one or more of the 
following objective criteria: decrease of at 
least 20 mm. Hg in ‘‘mean”’ arterial blood 
pressure (systolic + diastolic divided by 2); 
reduction in transverse diameter of the 
heart of 18 per cent or more; change in T, 
from inverted to upright; disappearance or 
marked improvement in severe retinopathy. 
Worthy of note was the response in blood 
pressure, since of the total of 500 patients 
(mean blood pressure before treatment 
199/117 mm. Hg) 25 per cent showed a 
return to normal or almost normal levels 
(below 145/95 mm. Hg). Even more im- 
pressive was the regression of retinopathy, 
for example, complete disappearance of 
papilledema in twenty-three of eighty-eight 
patients and improvement in five of the 
remainder. A great many of the patients 
experienced relief from headache, giddi- 
ness, fatigue, dyspnea and substernal pain. 
Approximately one-third of the patients 
were not benefited by the rice diet, as 
judged by Kempner’s criteria, after an 
average trial of about two months. There 
were twenty-six deaths while under treat- 
ment, all but one in patients with marked 
renal impairment. 

Apart from the important clinical im- 
plications of this work, the rice diet is of 
quite extraordinary interest from the point 


* From the Columbia Research Service, Goldwater Memorial Hospital, and the Department of Medicine, 
Columbia University College of Physicians and Surgeons, New York City. This investigation was supported (in part) 
by a research grant from the Division of Research Grants and Fellowships of the National Institutes of Health, U. S. 
Public Health Service, by a grant from the Lasker Foundation and by the Trachtenberg Fund for Study of Rice Diet. 
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of view of the nutritional requirements of 
man and the metabolic effects of restrictive 
diets on the bodily economy. As Kempner‘ 
has pointed out, ‘‘the rice diet contains less 
sodium and less chloride than any other 
diet which has been devised to reduce the 
sodium and chloride intake. It contains less 
protein than any other diet which has been 
devised to reduce the protein intake [and 
yet maintain, essentially, nitrogen equilib- 
rium]. It contains less cholesterol and other 
fat [lipid] than any other diet which has 
been devised to reduce the cholesterol and 
fat intake.’’ Kempner’s metabolic data 
indicate that patients with hypertensive 
cardiovascular disease can make a remarka- 
ble adjustment to these restrictions and 
maintain caloric, nitrogen and electrolyte 
equilibrium for long periods on the un- 
modified rice regimen. 

Despite the large scale and elaborate 
documentation of Kempner’s work, how- 
ever, the place of the rice diet in the 
management of hypertensive cardiovascular 
disease remains controversial. As pointed 
out in recent critical but eminently fair 
reviews,”’’ Kempner’s reports leave unas- 
sessed the role of a number of possible 
contributory factors, and there are other 
uncertainties. 


(1) Since control periods of observation appear 
to have been inadequate in many if not most 
cases, the effects of spontaneous variations in 
course and the benefits of a favorable patient 
environment per se cannot be evaluated. Many 
of the patients in question had severe hyper- 
tensive disease of long standing and a consider- 
able proportion presented serious late complica- 
tions, but our own experience indicates!® that 
even such subjects may show the most varied 
and unpredictable individual response to a 
hospital environment and general supportive 
measures. Our data!® also make clear, however, 
that the over-all incidence of pronounced bene- 
fit obtained by Kempner with the rice diet far 
exceeds what can be ascribed solely to spontane- 
ous variation or to the effects of hospitalization 
alone. (2) It is not possible to appraise the role 
of psychotherapeutic factors associated with the 
rice diet. Fanaticism, extravagant promises, 
threats and cajolement all have an important 


influence on therapy although it is not apparent 
how amelioration of retinopathy, cardiac en- 
largement, congestive failure, etc., can be ac- 
counted for in this way. These objective signs of 
improvement would seem to be _ unsuscepti- 
ble to emotional bias in interpretation of results. 
(3) The validity of the reasoning which led 
Kempner from his initial manometric studies on 
kidney tissue to clinical application of the rice 
diet is highly problematic but this unsound 
origin should not prejudice appraisal of the 
empirical value of the rice diet in essential hyper- 
tension. However, the necessity for drastic re- 
duction of protein intake, a reflection of Kemp- 
ner’s earlier preoccupations, is not yet established 
either on theoretic or empirical grounds, even 
though recent experiments do suggest that the 
protein content of the diet may influence the 
blood pressure in hypertensive rats.'! The 
growing realization of the important role of 
sodium restriction!?~'* makes this uncertainty 
even more relevant. (4) It is not clear 
how much of the benefit derived from the 
rice diet should be attributed in some cases 
to relief of congestive failure and its associated 
phenomena by an unnecessarily onerous form 
of salt restriction, and how much if any repre- 
sents amelioration of the underlying hypertensive 
disorder. (5) The diet is unpalatable, monoto- 
nous and difficult to maintain long enough to 
exert its effects. As Kempner himself has em- 
phasized‘? it is ineffective and, indeed, dangerous 
unless there is continuous supervision and con- 
stant check of the blood and urine. In fact, the 
rice diet makes such demands on both patient 
and doctor that except in relatively few in- 
stances it would seem to be an impracticable 
form of sustained therapy for hypertension. 
(6) Finally, studies of the rice diet by other in- 
vestigators'3-?° have given conflicting results 
which leave the efficaciousness of the diet in 
hypertension still in doubt. Some of these studies 
were Carried out in outpatient clinics and hence 
cannot be directly compared with Kempner’s 
work. Others are indecisive because too few 
patients were studied, preliminary control 
periods were insufficient for orientation, the 
period on the rice diet was too short, or evidence 
is wanting that sufficiently rigid restriction of 
salt was maintained; it is doubtful that the rice 
diet can be continuously prepared sufficiently 
free of salt in general hospital kitchens serving 
other foods. 

Page and Corcoran’ conclude in connection 
with the use of the rice diet in hypertension that 
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‘at present, it is not possible on the basis of 
published evidence to arrive at any considered 
opinion of its value.” This appraisal is equally 
cogent in relation to other low-salt diets in 
current use in the treatment of hypertension. 


The present report incorporates the 
results of a two-year trial of the rice diet, 
under controlled hospital conditions, in 
fifty patients with essential hypertension. 
The letter of the strict Kempner regimen 
was adhered to even in those items without 
apparent rationale. 

The design of the investigation was that 
of a metabolic experiment comprising: (1) 
An adequate fore-period on a standardized 
regular hospital diet. ‘The control period 
was continued as long as was necessary to 
stabilize blood pressure levels (mean dura- 
tion:10.1 weeks). Those patients who failed 
to attain reasonably steady levels or whose 
blood pressure fell to equivocal levels of 
hypertension were discharged from _ the 
study. (2) An adequate period on the 
Kempner rice regimen. The unmodified 
rice diet was continued as long as indicated 
to judge its effects or until interruption was 
necessitated either by the patients’ refusal 
to continue or by some untoward complica- 
tion. The mean duration of the rice diet 
period in the fifty patients was 10.5 weeks. 
(3) An adequate period on the rice diet 
modified by the systematic addition of salt, 
protein or fat to determine what is and is 
not essential in the Kempner regimen and 
how far the diet may be diversified without 
losing its benefits. The effects of modifica- 
tions of the strict rice diet are still under 
study and will be reported in greater detail 
in a subsequent communication. 


MATERIAL AND METHODS 


Selection of Patients. As indicated in our intro- 
ductory baseline study of the effects of hospi- 
talization per se in eighty-six patients with 
essential hypertension,!® 105 patients with 
marked hypertension were admitted to this 
Service for the rice diet program in the period 
July, 1948 to March, 1950. These patients were 
recruited from a total of approximately 900 
patients interviewed and examined at various 


New York City hospitals and clinics. Preference 
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was given throughout to the most severe cases 
of essential hypertension available to us, patients 
with marked hypertension (minimal acceptable 
blood pressure 220/120 mm. Hg with the ex- 
ception of six patients presenting other features 
of interest), manifestations of rapidly progressive 
hypertensive disease and complications of the 
advanced stages of hypertensive cardiovascular 
disease. In so doing it was our intention to give 
the rice diet a really rigorous trial; moreover, as 
Kempner has pointed out, the rice regimen 
should be reserved only for the more severe cases 
of hypertension and after all forms of more con- 
servative management have proved unavailing. 
The patients admitted agreed to remain in the 
hospital four to six months for the combined 
control and rice diet periods. 

The present series of fifty patients (twenty- 
eight males, twenty-two females) was culled 
from the eighty-six cases previously described.!° 
Of the thirty-six patients excluded, in eleven 
instances blood pressure levels had fallen to 
normal limits, or virtually so, during the control 
period on a regular diet. Ten patients signed 
out and three died during the control period, an 
additional patient dying of cerebrovascular 
accident in the initial weeks of the rice diet 
period. Four very obese patients were used to 
study the effects of weight reduction diets. In 
the seven remaining cases observations on the 
rice diet had not been continued long enough 
at the time of this writing to warrant inclusion 
in the present series. 

The medical background of the fifty patients 
forming the subject of this report is indicated by 
the following tabulation of major complications 
recorded in various hospitals and clinics prior 
to and upon admission to this Service: 


No. of 

Patients 
Abnormal electrocardiogram*............... 27 
Myocardial infarction.................... 3 
Advanced retinopathy...................... 25 
Keith-Wagener-Barker grade m............ 18 
Keith-Wagener-Barker grade Iv............ 7 
Congestive failure. 29 
Cerebrovascular accidents................... 13 
Hypertensive encephalopathy................ 2 


Marked renal insufficiency (BUN > 50 mg. %) 2 
* In eighteen additional patients digitalis effects made 
interpretation difficult. 


Standardization of Patient Activity, Medication and 
Diet. Upon admission the patients were con- 
fined to bed, with lavatory privileges, for the 
first three weeks of the control period; if their 
condition then permitted ambulation, they were 
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allowed up for the remainder of the control 
period and throughout the rice diet period, 
participation in occupational therapy and ward 
recreational activities being encouraged. Medi- 
cations such as digitalis, mercurial diuretics and 
sedatives were discontinued or reduced when- 
ever possible. The weight was recorded daily. 

The diet employed in the control period 
contained approximately 2,200 calories and 
was of the following composition:!? protein 
80 gm., fat 85 gm., carbohydrate 275 gm., 
sodium chloride 10 gm. (mean of 173 mEq. 
sodium by flame photometer analyses), cho- 
lesterol 1.0 gm., fluids 2,500 ml. 

In the rice diet period the daily caloric intake 
was 1,800 to 2,400 calories (adjusted to indi- 
vidual requirements) and of the following 
composition: protein about 29 gm.,* fat less 
than 3 gm., carbohydrate 420-570 gm., sodium 
2.5 to 7 mEq., potassium 73.5 mEq. (mean 
figure), calcium 13 mEq., phosphorus 15 mEq., 
cholesterol 0.0 gm., fluids limited to 1,000 ml. 
fruit juices. In addition each patient received 
daily 1 feosol® tablet (0.2 gm. ferrous sulfate); 
1 vi-penta perle forte® ft containing vitamin A 
5,000 U.S.P. units, thiamine hydrochloride 
3 mg., riboflavin 3 mg., pyridoxine hydro- 
chloride 1 mg., calcium pantothenate 3 mg., 
niacinamide 20 mg., ascorbic acid 75 mg., vita- 
min D 1,000 U.S.P. units, vitamin E acetate 
1 mg.; and a placebo capsule containing 1 gm. 
sucrose which could be replaced by salt when 
desired without knowledge of the patient. The 
daily allotment of rice was 300 gm., dry weight, 
supplying approximately 1,050 calories, with 
white sugar, fresh or sodium-free preserved 
fruits and fruit juices providing an additional 
1,000 or more calories. When weight loss was 
appreciable, extra calories were given in the 
form of dextrose and condensed fruit syrups. 

The patients received five feedings daily: 
Three main meals consisting of steamed rice 
(100 gm. each meal) with three fruits or juices; 
and two supplementary feedings of fruit or 
fruit juices, one in mid-afternoon and one at 
bedtime. Such variety as was possible was af- 
forded in the fruits and juices, of which ten 
different kinds were served each day with 

* Daily N intake 4.9 gm. (mean of analysis of 20 diets) 
of which 4.35 gm. was rice protein N. Using the conven- 
tional factor of 6.25 this is equivalent to more than 


30.6 gm. protein. According to Jones?! the conversion 
factor for rice protein should be 5.95, which is equivalent 


to 29 gm. protein. 
+ We are greatly indebted to Hoffmann-LaRoche, 


Inc., for a generous supply of these vitamin capsules, 


attention to color and attractiveness of the tray 
and to individual likes and dislikes. Addition of 
assorted fruit juice sherbets, rice-fruit puddings, 
fruit-flavored hard candies, etc., helped to break 
the monotony of the diet. Because of the presence 
of peptic ulcer symptoms in five patients when 
the rice diet was instituted and reactivation of 
ulcer symptoms on the unmodified rice diet in 
10 additional patients, in these instances the 
rice was ground and given with a low-sodium 
powdered milk preparation, lonalac,® * in cereal 
form, fruits were cooked and puréed and all 
fruit juices were replaced by sodium-free water. 

It should be noted that the rice diet as em- 
ployed by us contains more protein than stated 
by Kempner. This discrepancy probably arises 
from our use of a Texas-grown, long-grain 
American Patna-type rice which was selected 
after preliminary Kjeldahl analyses of ten dif- 
ferent varieties of rice disclosed marked differ- 
ences in nitrogen content. The following values, 
expressed in gm. % N, were obtained: 0.85 and 
0.95 (pearl), 1.03, 1.12, 1.20 (glutinous), 1.20, 
1.22 (long-grain), 1.42 (brown), 1.45 (Texas- 
grown, long-grain American Patna). The sodium 
content of all varieties was found to be extremely 
low, hardly measurable by flame photometry. 

Many of our patients began the rice diet and 
more continued it with considerable reluctance. 
It was therefore necessary to bolster morale by 
explaining the purpose of the regimen and by 
reporting encouraging details of improvement 
as they developed. In general, however, overt 
psychotherapy was held at the minimum level 
possible even if it could not be wholly excluded. 
As a further check on the role of unavoidable 
psychotherapy and related subjective factors, 
the investigation was so designed that salt in 
capsule form could be added to the diet, un- 
known to the patient, either when the rice diet 
was initiated or after a good response was 
obtained. 

Control of Sodium Intake on the Rice Diet. The 
rice diet was prepared in a special diet kitchen 
installed for the sole purpose and operated by 
a full-time cook-kitchen aid team supervised 
by a full-time dietitian. Aliquots of the diet were 
checked for sodium content by flame photometry 
from time to time and found to remain within 
low limits of 2.5 to 7 mEq. A source of con- 
tamination with sodium was found at one period 
to be the tap water employed for steaming the 


* Mead Johnson and Co. kindly supplied large quanti- 


ties of lonalac® for this study. 
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rice and dish-washing—the sodium content of 
the water, which usually was negligible, rose in 
a period of marked depletion of the New York 
City reservoirs. To overcome this it was neces- 
sary to install a cation-exchange column for 
removal of sodium. 

Constant check of the patients for advertent 
or inadvertent contamination of the diet with 
salt was found to be essential. The urines were 
tested for chloride daily or every other day. 

Hospital Work-up. Routine work-up of each 
patient was made in the control period and 
various tests were repeated as indicated at 
regular intervals in the control and rice periods. 
The routine work-up included detailed history 
and physical examination, basal blood pres- 
sures, funduscopy,!° heart size in 2-meter films, !° 
electrocardiograms, gastrointestinal x-ray series, 
basal metabolism, venous pressure, circulation 
time, amytal floor and cold pressor tests, eryth- 
rocyte sedimentation rate, hematologic exami- 
nation, urinalyses, PSP excretion, urea clearance, 
serum urea N or NPN, fasting blood sugar, 
glucose tolerance, serum cholesterol and choles- 
terol esters, phospholipids and neutral fat, 
total proteins, albumin and globulins (Howe 
method), sodium and potassium (by internal 
standard flame photometer), carbon dioxide 
content, calcium and phosphorus. When indi- 
cated, such additional examinations as eye- 
ground photography, benzodioxane test, BSP 
test (5 mg./kg. body weight), thymol turbidity, ?? 
cephalin flocculation”® and ‘“‘dicumarol toler- 
ance’’ tests were performed. 

In addition a number of special studies were 
made in connection with points of particular 
interest. These included renal function studies 
of glomerular filtration rate (inulin), renal 
plasma flow (PAH) and Tmpang, estimation of 
plasma volume (T-1824 dye space), thiocyanate 
space, antipyrine space, nitrogen and electrolyte 
balance studies, and cardiac output measure- 
ments by cardiac catheterization with calcula- 
tion of peripheral vascular resistance before and 
after the rice diet. 

Method of Taking and Recording Blood Pressure. 
- Blood pressure measurements were made by 
assigned physicians and nurses with a mercury 
sphygmomanometer three times weekly in each 
patient before rising in the morning. Six suc- 
cessive readings at approximately thirty-second 
intervals were made. The lowest systolic and 
the lowest diastolic pressure reading of the six 
obtained was recorded as the basal pressure for 
that day. The three basal systolic and diastolic 
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pressures for each week were averaged, recorded 
as the mean basal pressures for that week and 
used for further analysis in both the control and 
rice diet periods. 

Basal blood pressure levels are not, of course, 
representative of the patient’s blood pressures 
throughout the day. For purposes of standardiza- 
tion, however, basal blood pressure levels are 
most likely to exclude pressor responses associ- 
ated with the act of recording the blood pressure, 
as well as other extraneous psychologic and 
environmental factors during both the control 
and rice diet periods. 

Special Laboratory Procedures Employed. ‘T-1824 
dye space and thiocyanate space were usually 
determined together by the simultaneous method 
of Gregersen and Stewart,*4 adapted to photo- 
electric colorimetry. Standard doses were em- 
ployed. The usual precautions against hemolysis 
of blood samples were observed. The results 
were derived from ten- and sixty-minute arterial 
blood samples, without use of extrapolation 
technics. 

Antipyrine space measurements were made 
by the method of Soberman et al.”° 

Renal function studies were carried out by 


-constant-infusion clearance technics with the 


patient in the postabsorptive state. Urine col- 
lections were made with indwelling catheter, the 
bladder being washed with distilled water at the 
end of each clearance period. Femoral artery 
blood samples were obtained at the mid-point 
of each period, using heparin as anticoagulant. 
Inulin clearance was used as a measure of 
glomerular filtrate rate, inulin being determined 
by the method of Harrison?* in Somogyi zinc 
filtrates of yeasted plasma and in diluted urine. 
Renal plasma blood flow was estimated by para- 
aminohippurate clearance. In the estimation of 
maximal tubular excretory capacity for para- 
aminohippurate (Tmpag) sufficiently high PAH 
plasma levels were maintained to ensure ade- 
quate tubular PAH loads. 

A dicumarol tolerance liver function test was 
devised because of the observation of marked 
over-reaction of the prothrombin time in one 
of our patients on the rice diet when dicumarol 
was given. In this test the prothrombin time 
was determined, using the Link-Shapiro modi- 
fication of Quick’s method, and 300 mg. 
dicumarol was then given orally in a single dose. 
Another prothrombin time was obtained forty- 
eight hours later. No prolongation of prothrom- 
bin time was observed after forty-eight hours in 
hypertensive patients while on the control diet. 
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For estimation of serum lipids all bloods were 
drawn before breakfast. Free and total serum 
cholesterol levels were determined by the method 
of Schoenheimer and Sperry.?”?8 Duplicate 
analyses run in separate batches indicated aver- 
age reproducibility within 1.5 per cent. In our 
hands the Schoenheimer-Sperry method has 
given values 0-40 per cent lower than levels 
obtained in the same sera by the Bloor method. 
Lipid phosphorus was determined in alcohol- 
ether filtrates of serum by the modification of 
Kendall and Davidson, phosphorus being 
measured by the method of Fiske and Subbarow. 
Duplicate analyses of lipid phosphorus were 
reproducible within 1 per cent. Total lipids were 
estimated gravimetrically upon an aliquot of the 
petroleum ether extract obtained after extract- 
ing the serum with Bloor’s 3:1 alcohol-ether 
mixture and evaporating the solution to dryness. 
Serum neutral fat was approximated by sub- 
tracting from the weight of total lipids the sum 
of the amounts of phospholipids, total cholesterol 
and the fatty acids present in the cholesterol ester 
fraction (0.7 X weight of cholesterol in the 
esters). 

For the nitrogen and electrolyte balance 
studies patients were segregated in private ward 
rooms with special facilities. Food consumed 
during the studies was prepared and weighed 
separately in the rice diet kitchen. An amount 
of food equivalent to that consumed by the 
patient was saved daily for analysis. Each 
metabolic period was of seven days’ duration. 
At the end of each one-week period aliquots of 
the daily diets were combined, mixed, samples 
obtained for analysis and ashed by the method 
of Toscani and Buniak.?® Aliquots of the daily 
urine output and the daily fecal specimens for 
one week were similarly combined, mixed and 
samples taken for analysis. Nitrogen was de- 
termined by the macro-Kjeldahl technic. Flame 
photometry was employed for sodium and 
potassium analyses. 


RESULTS 


Symptomatology. A summary of the 
clinical history and prior therapy, clinical 
status at the beginning and end of the con- 
trol period, and again at the end of the rice 
diet period is given for each of our patients 
in Table 1. For comparison of the incidence 
of changes in presenting complaints during 
the control period (mean duration: 10.1 
weeks) and rice diet period (mean duration: 


10.5 weeks) the data are analyzed in 
Table n. 

Control period: A substantial proportion of 
our patients improved symptomatically 
during the control period, the incidence of 
improvement varying from approximately 
20 to 35 per cent in different categories. 
(Table nu.) The most consistent benefit de- 
rived was in respect to manifestations of 
congestive failure, roughly one-third of the 
patients with cardiac decompensation show- 
ing distinct improvement. Severe, often 
incapacitating headaches proved more re- 
fractory, about one-fifth of the patients who 
exhibited this symptom obtaining relief. 
Four patients with impaired vision as a 
presenting complaint failed to improve. 
The number of virtually asymptomatic 
patients increased from four to nine. 

Rice diet: ‘Those patients who showed 
amelioration of symptoms during the con- 
trol period generally sustained their im- 
provement throughout the rice diet period, 
frequently in the face of reduction or dis- 
continuance of previously required medica- 
tions such as digitalis. In addition, marked 
improvement occurred in many patients 
who were not benefited during the control 
period. (Tables 1 and un.) This was most 
striking in respect to decreased intensity and 
frequency of severe and hitherto refractory 
headaches, disappearance of peripheral 
edema, amelioration of exertional dyspnea 
and orthopnea, and improved vision. ‘There 
was remission of hypertensive encephalop- 
athy in the two patients who presented 
this complication. The incidence and main- 
tenance of improvement in these categories 
(Table 1) was distinctly greater than could 
be anticipated on the basis of spontaneous 
variations in course or the use of general 
supportive measures. !° 

Nine patients failed to improve symp- 
tomatically on the rice diet. One patient 
(Case F. B.) developed electrocardiographic 
evidence of a coronary occlusion, with 
marked transitory fall in blood pressure, in 
the eighth week on the rice diet. Case T. 
Mc. showed progressive deterioration on 
the rice diet and died in uremia; another 
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patient (Case Y. R.) suffered a stroke after 
nine weeks on the rice diet and died within 
twenty-four hours—the only deaths in this 
group of fifty patients while on the rice diet 
in the hospital. 

A number of minor but difficultly 
manageable complaints developed in the 


45! 


tered, however, and quite unexpectedly, 


“was activation of obsolescent peptic ulcers 


apparently due to the acid fruit-juices, 
roughage and perhaps low protein content 
of the rice diet. Four patients presented 
complaints referable to peptic ulcer at the 
beginning and end of the control period, 


TABLE II 
INCIDENCE OF CHANGES IN PRESENTING SYMPTOMS OF FIFTY PATIENTS WITH ESSENTIAL HYPERTENSION 
DURING CONTROL PERIOD (MEAN DURATION: 10.1 WEEKS) AND AFTER RICE DIET (MEAN 
DURATION: 10.5 WEEKS) 


Control Period Rice Diet Improved 
First Week Last Week Last Week Control Rice 
Symptom 
No. | %of | No. | %of| No. | %of| No. No. 
Cases} 50 | Cases; 50 | Cases; 50 | Cases % | Cases| 7 
Severe headaches 27 54 22 44 8 16 5 19 14 64 
Dyspnea on exertion 20 40 13 26 5 10 7 35 8 62 
Orthopnea 11 22 7 14 4 8 4 | 36 3 43 
Dizziness 10 20 7 14 5 10 3 | 30 2 29 
Edema 6 12 4 8 0 0 ata 4 | 100 
Heart consciousness 5 10 4 8 2 4 1 20 2 50 
Paralysis from cerebrovascular accident 10 20 10 20 11 22 
Failing vision 4 8 4 8 2 4 0 0 2 50 
Nausea, vomiting 4 8 2 4 0 0 
Hypertensive encephalopathy 2 4 2 4 0 0 0 0 2 | 100 
Weakness, lassitude 3 6 3 6 15 30 
Peptic ulcer symptoms 4 8 4 8 y 4 
Asymptomatic 4T 8 9t 18 21¢ | 42 


* In these two patients peptic ulcer symptoms persisted in spite of modification of the rice diet; in all, five patients 
required modification of the rice diet to control symptoms from the start; ten more required modification during the rice 


diet. f Minor complaints are excluded. 


course of the rice period. There was, of 
course, general unhappiness about the 
stringent deprivations of the strict rice 
regimen. Many patients protested bitterly 
about anorexia and indeed revulsion with 
respect to the diet, at the same time com- 
plaining of unsated hunger. Emotional dis- 
turbances of the type associated with semi- 


starvation diets were frequent despite the - 


usually insignificant weight loss. Lassitude 
and weakness were often pronounced, be- 
coming a presenting complaint in fifteen 
patients as the more serious evidences of 
their underlying disease regressed on the 
rice diet. (Table 1.) 

The most serious complication encoun- 
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the rice diet therefore being modified from 
the start in the manner already indicated 
to avoid exacerbation of symptoms. Ten 
patients required similar modifications dur- 
ing the course of the rice diet due to de- 
velopment of gastrointestinal complaints. 
All but two of these were able to continue 
the modified diet without further significant 
distress. We have found it necessary to 
inquire diligently into the past history for 
forgotten indications of ulcer and also to 
carry out roentgenographic gastrointestinal 
studies routinely. All questionable patients 
are now placed from the start on a modifica- 
tion of the rice diet substituting sodium-free 
water for fruit juices and incorporating the 


| 
= 
| 
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use of lonalac® and rice ground in a mill to 
make a cereal, with all fruits cooked or 
puréed. 

We did not encounter clinical manifesta- 
tions unequivocally referable to the low-salt 
syndrome in this series of patients, even 
during the hot summer months, unless the 
weakness be ascribed to low salt intake. 
This is in contrast to our experience in 
chronic glomerulonephritis with severe renal 
damage, which has been almost uniformly 
bad as a result of salt loss in the urine. 

Blood Pressure. In Table m1 are re- 
corded our data on basal blood pressures at 
four periods of observation in each of the 
fifty patients with essential hypertension 
treated with the rice diet. The acceptance 
blood pressures are the lowest systolic and the 
lowest diastolic of the four to six readings 
made by one of us in various hospitals and 
clinics when examining the patient for ac- 
ceptance to this Service, the patient being 
at rest in the recumbent position. The /irst 
control pressure is the mean of the basal blood 
pressures obtained during the first week of 
the control period of hospitalization on a 
standardized regular hospital diet; this 
figure serves as a baseline for analysis of the 
effects of hospitalization per se. The final 
control pressure is the mean of the basal blood 
pressures obtained during the last three 
weeks of the control period of hospitalization 
on the regular hospital diet; this figure 
gives the end point of the effects of hospi- 
talization per se and also serves as the baseline 
for analysis of the effects of the rice diet. The 
final rice diet pressure is the mean of the basal 
_ blood pressures obtained during the last 
three weeks on the rice diet and is taken as 
the end point for the rice diet. ‘The duration 
of the control period (mean: 10.1 weeks) 
and of the rice diet period (mean: 10.5 
weeks) is indicated for each patient. 


Striking differences were observed between 
acceptance blood pressures (mean: 227/132 mm. Hg) 
and those obtained in the first control week (mean: 
205/115 mm. Hg). The difference between 
these means is —22/—17 mm. Hg, a figure 
which, though indicating a marked general 
decline, does not adequately reflect the quite 


remarkable falls observed in individual patients 
(for example Cases B. L., E. R., An. Wa., 
Table 11). It should be noted in this connection 
that the fifty patients included in this series had 
been screened several times for persistence of 
hypertension and that the most striking ex- 
amples of spontaneous falls in blood pressure 
should therefore have been excluded. Clearly, 
in evaluating the effects of the rice diet it would 
be fallacious in our patients to use as control 
figures the blood pressure readings recorded 
elsewhere, even by our own personnel, or the 
levels obtained in the first day or two following 
admission to the Service.!° 


Control period (Table 11): Comparison of 
the over-all mean of the basal blood pres- 
sures in the first week of the control period 
(205/115 mm. Hg) with that of the over-all 
mean of the final three weeks of the control period 
(196/112 mm. Hg) indicates an insignificant 
over-all decline (—9/—3 mm. Hg). While 
a number of individual patients did show 
appreciable falls in basal systolic or diastolic 
pressure in the control period (Cases B. P., 
H. S. and M. Su., Table mm), in twenty-six 
instances the change in basal systolic was 
within + 10 mm. Hg, it was within + 5 
mm. Hg diastolic in twenty-five instances, 
and only four patients showed both a fall 
in basal systolic pressure greater than 
20 mm. Hg and a fall in basal diastolic 
pressure greater than 10 mm. Hg. Only in 
Case An. Wa. was the basal blood pressure 
at the end of the control period less than 
165/95 mm. Hg. Of course, these strikingly 
small changes reflect our selection of cases 
for the rice diet, as patients whose blood 
pressure did respond in the control period 
were not placed on the rice regimen except 
in a few instances of special interest in other 
respects. 

Rice diet (Table 11): Comparison of the 
over-all mean of the basal blood pressures 
of the final three weeks of the control period 
(196/112 mm. Hg) with that of the over-all 
mean of the final three weeks on the rice dtet 
(167/96 mm. Hg) indicates a mean over-all 
decline of —29/—16 mm. Hg on the rice 
diet. Figures 1 and 2 bring out more clearly 
the difference in response of the blood 
pressure by contrasting the number of pa- 
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TABLE III 
BASAL BLOOD PRESSURES IN FIFTY PATIENTS WITH ESSENTIAL HYPERTENSION IN CONTROL 
AND RICE DIET PERIODS 
Control Period Rice Period 
Known Mean Basal Blood 
Age | Duration Mean Basal Blood Pressure 
Patient and | of Hyper- ccept- 
Sex tension — Dura- Dura- 
(yr.) Goa: BEY) Fi Las tion Last tion 
irst t (wk.) | Three (wk.) 
Week Three a—b Weeks Ab-e 
ag Weeks 2) (mm. Hg) (c) (mm. Hg) 
(mm. Hg)} (mm. Hg) (mm. Hg) 
A. A, 65 M 2 210/115 | 196/113 | 196/109 | + 0/— 4} 15 178/ 97 | —18/—12 5 
C. A. 58 M 10 220/120 | 197/107 | 191/105 | — 6/— 2} 11 145/ 85 | —46/—20 7 
Mu. C., 57M 3 204/100 | 199/ 99 | 188/ 96 | —11/— 3 | 12 156/ 89 | —32/— 7 | 12 
*H. Col. 47M 5 214/114 | 222/111 | 214/111 | — 8/+ 0 8 200/101 | —14/-—10 | 13 
R. C. 48 M 11 204/148 | 203/119 | 181/113 | —22/— 6 7 180/107 | — 1/— 6 9 
A. Co. 46 M 0.5 230/160 | 190/130 | 218/142 | +28/+12 4 211/135 | — 7/— 7 | 10 
S. D. 52M 13 254/148 | 209/118 | 215/133 | + 6/+15 9 204/122 | —11/—11 | 10 
A. D. 44M 2 190/125 | 191/116 | 170/107 | —21/— 9 9 137/ 90 | —33/-—17 | 8 
H. F. 53 M 4 240/120 | 196/ 93 | 191/ 90 | — 5/— 3} 13 132/ 76 | —59/—14 | 14 
R. G. 53 M 4 240/130 | 220/113 | 207/117 | —13/+ 4 8 181/ 91 | —26/—26 | 14 
F. H. 49 M 5 230/110 | 209/112 | 208/107} — 1/—5| 6 | 159/ 92 | —49/—15 | 16 
C. H. 40 M 7 180/120 | 175/121 | 163/113 | —12/— 8 | 16 133/ 96 | —30/—17 | 10 
W. H. 59M 20 185/105 | 215/107 | 203/104 | —12/— 3} 11 202/ 97 | — 1/-— 7 9 
P. K. 59M 1 175/111 | 171/117 | 150/ 97 | —21/—20 | 20 117/ 84 | —33/—13 | 12 
G. K. 48 M ? 220/120 | 244/118 | 226/128 | —18/+10 7 183/103 | —43/—25 6 
C. La. 54 M 114g | 230/120 | 201/ 97 | 205/ 93 | + 4/— 4| 8 | 150/71 | —55/—22| 6 
S. La. 60 M 2 180/130 | 182/117 | 176/105 | — 6/—12 | 6 | 159/102 | —17/— 3| 5 
B. L. 60 M 2 320/150 | 218/113 | 215/ 94 | — 3/-—19 | 12 177/ 84 | —38/—10 | 14 
T. Mc. 46 M 3 230/140 | 221/120 | 200/140 | —21/+20 6 196/122 | — 4/-—18 | 12 
F. M. 40 M 14 250/150 | 214/148 | 214/150 | + 0/+ 2 3 136/ 84 | —78/—66 9 
S.N. 52M]| 10 225/145 | 210/126 | 191/113 | —19/-13 | 6 | 135/94 | —56/—19 | 16 
B. P. 41 M 19 240/130 | 210/129 | 174/112 | —36/—17 | 13 152/107 | —22/-— 5 | 17 
*E. R. 61 M 15 255/160 | 172/102 | 170/ 96 | — 2/— 6 | 10 146/ 84 | —24/-—12 3 
G. R. 54M 5 210/140 | 205/130 | 205/121 + 0/— 9 | 10 197/110 | — 8/-—11 5 
C. Ro. 49M 7 225/122 | 183/100 | 201/109 | +18/+ 9} 11 185/ 98 | —16/—11 | 16 
F. Ru. 40 M 1 220/120 | 181/124 | 172/121 | — 9/— 3 14 175/123 | + 3/+ 2 5 
F. Sm. 64 M 7 240/110 | 204/ 97 | 200/101 | — 4/+ 4} 15 144/ 78 | —56/—23 | 13 
S. S. 45M 8 206/126 | 208/128 | 207/131 | — 1/+ 3 7 183/123 | —24/— 8 8 
M. Ba. 40 F 4 240/160 | 227/147 | 224/152 | — 3/+ 5 9 195/141 —29/—11 | 17 
F. B. 55 F 214 210/104 | 191/104 | 197/105 | + 6/+ 1 7 161/ 86 | —36/—19 7 
M. Be. 57 F 14 222/130 | 171/122 | 153/ 99 | —18/—23 9 113/ 83 | —40/—16 5 
D. B. 38 F 2 190/120 | 154/ 94 | 148/ 95 | — 6/+ 1 7 134/ 89 | —14/— 6 7 
J. Cl. 50 F 10 220/110 | 202/103 | 200/ 98 | — 2/— 5| 12 | 149/ 73 | —51/—25 | 11 
*Ma.C. |61F | 9 230/130 | 223/ 99 | 224/96 | + 1/— 3/|13 | 191/ 86 | —33/—10 | 33 
J. Co. 32 F 1144 228/150 | 184/115 | 162/111 | —22/-— 4 8 121/ 84 | —41/—27 7 
C. D. 42 F 17 230/150 | 228/116 | 243/129 | +15/+13| 8 | 185/ 96 | —58/—33 | 10 
D. K. 48 F 7 220/130 | 159/100 | 165/109 | + 6/+ 9| 7 | 135/ 89 | —30/—20 | 10 
M. Ki. 54 F 16 290/150 | 239/133 | 237/125 | — 2/-— 8 8 208/109 | —29/—16 | 10 
*M.Kn. |57F 30 220/130 | 215/ 93 | 187/ 92 | —28/— 1|12 | 143/ 67 | —44/-25]| 9 
S. Lau. 26 F 5 250/140 | 230/124 | 239/137 | + 9/+13 | 15 202/112 | —37/—25 | 12 
E. M. 70 F 4 240/120 | 203/ 94 | 191/ 89 | —12/— 5 | 13 143/ 61 | —48/—28 | 11 
A. Mo. 40 F 4 210/140 | 219/130 | 206/122 | —13/-— 8 8 201/114 | — 5/—/8 | 12 
I. Mu. 48 F 1146 230/130 | 208/116 | 206/112 | — 2/— 4) 12 169/ 97 | —37/—15 | 11 
ty 45 F 4 230/130 | 230/137 | 216/132 | —14/— 5/| 8 194/106 | —22/—26 | 12 
. O. 52 F 4 260/160 | 236/135 | 240/129 | + 4/-— 6 8 201/104 | —39/—25 | 19 
Y.R. 44 F 16 250/160 | 235/160 | 227/147 | — 8/-—13 | 7 231/140 | + 4/-— 7 9 
H. S. 51 F 10 240/140 | 237/116 | 197/102 | —40/—14| 9 | 159/ 87 | —38/-15| 7 
M. Su. 66 F 7 215/120 | 239/111 | 167/ 86 | —72/—25 | 15 168/ 84 | + 1/-— 2 7 
C. V. 52 F 5 230/140 | 178/100 | 167/100 | —11/+ 0 | 16 156/ 93 | —11/— 7 | 16 
An. Wa. 47 F 7 260/150 | 178/ 84 | 158/ 84 | —20/+ 0} 15 163/ 86 | + 5/+ 2 8 
Mean, males: 222/128 | 202/115 | 195/113 | — 7/— 2 9.9 | 166/ 98 | —29/-—15 9.8 
Mean, females: 233/136 | 209/115 | 198/112 | —11/— 3 | 10.3 | 169/ 95 | —29/—17 | 11.4 
Mean of all cases: 227/132 | 205/115 | 196/112 | — 9/— 3 | 10.1 | 167/ 96 | —29/—16 | 10.5 


* Lonalac supplement to basic rice diet. 
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tients who showed falls in basal systolic 
blood pressure greater than 25 mm. Hg 
(three and twenty-nine in the control and 
rice diet periods, respectively) or falls in the 
basal diastolic blood pressure greater than 
15 mm. Hg (three and twenty-six, respec- 
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96 per cent of his patients showed some fall in 
diastolic pressure, this series 96 per cent; the 
mean decline in diastolic pressure was 16.7 mm. 
Hg, this series 16.0; the blood pressure fell 
below 145/95 in 25 per cent of cases, this series 
24 per cent. The fact that our pretreatment 


TABLE IV 
ANALYSIS OF CHANGES IN BASAL BLOOD PRESSURE IN CONTROL AND RICE DIET PERIODS IN FIFTY PATIENTS 
WITH ESSENTIAL HYPERTENSION * 


Chania in Change in Systolic Pressure (mm. Hg) 
Diastolic 
Pressure Group 

(mm. Hg) +11 to +1 to 0 —1 to —11 to —21 to — 31 to — 41 to ee Totals 

+20 +10 —10 —20 — 30 — 40 — 50 

+11 to +20 2,0 2,0 1,0 5, O 

+ 6to +10 1,0 1,0 2, 0 

+ ito+ 5 1,2 1,0 4,0 1,0 

0 1,0 2,0 3, O 

5 tee 6, 0 4,7 15, 3 

— 6to —10 1,7 1,0 2,4 3, 3 2,7 0, 3 9, 72 

—11 to —20 3,2 1, 3 1,35 2, 6 0,2 0, 2 7, 20 

—21 to —30 1,0 0, 2 0, 2 0,4 1,3 2,77 

> —30 0,2 a2 
Systolic Group 
Totals 3,0 7,4 |3,0 16, 6 12, 7 6,9 2, 77 0,6 1,7 50, 50 


* First figure is number of patients showing indicated changes in blood pressure in control period; second figure, 
in italics, is number of patients showing indicated changes in blood pressure in rice diet period. 


tively). Further analysis of the effects of the 
rice diet on basal blood pressure (Table tv) 
discloses additional points of interest. The 
basal systolic pressure fell in forty-six of the 
fifty patients, the decline being 30 mm. Hg 
or more in twenty-six instances and exceed- 
ing 50 mm. Hg in seven instances. The 
basal diastolic pressure fell in forty-eight 
patients, the decline exceeding 20 mm. Hg 
in thirteen cases. In twenty-three cases the 
basal systolic pressure fell to 160 mm. Hg or 
below, in twenty-six instances the basal 
diastolic pressure fell to 95 mm. Hg or less. 
The final blood pressure on the rice diet was 
less than 160/95 mm. Hg in twenty patients. 


Comparison of the magnitude of fall in blood 
pressure observed in our series of patients on the 
rice diet with that reported by Kempner?’ is 
illuminating. Kempner’s mean pretreatment 
level in 500 patients was 199/117 mm. Hg, this 
series 196/112; the mean decline in systolic 
pressure was 36.5 mm. Hg, this series 29.0; 
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levels represent those obtained after a long 
control period of hospitalization would tend, if 
anything, to make our responses to the rice diet 
more striking. In interpreting our results, how- 
ever, we have not employed Kempner’s criterion 
of improvement,* a decrease of 20 mm. Hg in 
‘“‘mean’”’ arterial pressure (systolic plus diastolic 
pressure divided by 2), since the result may be 
overweighted by declines in high systolic pres- 
sure which may have little meaning, particularly 
without a sufficiently prolonged period of 
stabilization. In the absence of any satisfactory 
standards, we have not attempted evaluation 
of the observed responses in blood pressure to 
the rice diet in terms of clinical significance. 


In addition to the over-all degree of change 
in basal blood pressure occurring on the 
rice diet, the rate of such changes was sub- 
jected to analysis. Figure 3 illustrates the 
more common variations in type and rate 
of change observed in the weekly mean 
basal blood pressures on the rice diet. 
Case F. Ru. is representative of six patients 


456 
who failed to show any response, Case A. A. 
illustrates the unsatisfactory response of 
eight additional patients whose blood pres- 
sure dropped less than 20 mm. Hg systolic 
and 10 diastolic. In Case A. Co., one of 
three such instances, there was a marked 
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pulse pressure. In this group a maximal 
response was attained only after six weeks 
on the rice diet. Cases F. M. and M. Be. 
illustrate the early fall in both systolic and 
diastolic basal pressure, again usually with 
smaller pulse pressures, observed in seven- 
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Fic. 3. The five most common types and rates of response of basal blood pressure 
to the rice diet. The top of each bar indicates mean basal systolic pressure for one 
week; the bottom of each bar indicates mean basal diastolic pressure for that 
week. The arrow, R, indicates beginning of rice diet period. 


early fall in both systolic and diastolic 
pressure but this proved transitory and 
both soon reverted to the control levels. 
The more satisfactory course of the remain- 
ing thirty-three patients (66 per cent of our 
series) is illustrated in the next three ex- 
amples. Case S. N. is representative of 
sixteen patients showing a gradual progres- 
sive decline in both systolic and diastolic 
basal pressures, usually with lessening of the 


teen patients and sustained so long as the 
rice diet was continued. In this group less 
than six weeks on the rice diet, occasionally 
less than three weeks, were required to 
effect a maximal response in blood pressure. 


The effects of addition of salt and various food- 
stuffs to the rice diet were studied also. Without 
informing the patients, six subjects, three males 
and three females, were given capsules con- 
taining 1.0 gm. sodium chloride three times 
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daily from the start and throughout the first 
month of the rice regimen. None of these pa- 
tients showed any fall in blood pressure. On 
withdrawal of the salt supplement one (A. D., 
Fig. 4) responded with a prompt and marked 
fall in both systolic and diastolic pressure; 
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return to higher levels. This type of experiment 
also is under further study. 

Preliminary efforts have been made to de- 
termine how far the unmodified Kempner rice 
regimen may be diversified without serious 
sacrifice of the effects on blood pressure, at least 


= 160 150 | | 

3 


Fic. 4. Case a.p.: Failure of blood pressure to fall when, without knowledge of 
patient, 3.0 gm. NaCl daily was added in capsule form at the start of the rice 
diet; blood pressure fell rapidly when salt was withdrawn. Case p.k.: Addition 
of 1.0 gm. NaCl daily in capsule form to otherwise unmodified rice diet caused 
early return of blood pressure toward control levels after good response to rice 


diet had been obtained. 


another (A. A.) showed a fall of 18 mm. Hg 
systolic and 12 mm. Hg diastolic; the remaining 
four patients (Cases F. Ru., M. Su., C. V. and 
An. Wa.) failed to show any subsequent response 
in blood pressure to the rice diet. This failure 
to respond subsequently to the rice diet pre- 
sumably was due to an unhappy selection of 
patients. Further work along these lines is in 
progress to clarify the matter. 

A second series of experiments was performed 
in which the sugar of our placebo capsules was 
replaced with sodium chloride in six patients 
after the blood pressure had responded well to 
the rice diet. In three patients (Cases F. Sm., 
M. Be. and J. Cl.) addition to the rice diet of 
1.0 gm. sodium chloride three times daily for 
six, five and three weeks, respectively, resulted 
in rises usually within a week of +19/+8, 
+22/+11 and +38/+22 mm. Hg. In one 
patient (Case D. K.) addition to the rice diet of 
only 1.0 gm. sodium chloride daily for a period 
of five weeks resulted in a rise of +34/-+14 mm. 
Hg. (Fig. 4.) On the other hand, in two pa- 
tients (Cases P. K. and J. Co.) the daily addition 
of 3.0 gm. and 1.0 gm. sodium chloride for five 
and two weeks, respectively, caused no ap- 
preciable change in blood pressure; resumption 
of the control diet, however, caused a speedy 
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in some cases. Addition to the rice diet of 
sodium-free protein and butter fat in the form 
of lonalac® (usually about 50 gm. dry weight 
daily as milk beverage or added to ground rice 
cereal) was not associated with an unequivocal 
rise in blood pressure in twenty-two patients 
tested. We have also tried the effects of adding 
to the rice diet low-sodium vegetables (two 
servings daily of 100 gm. tomatoes, cabbage, 
broccoli, mushrooms, onions or eggplant); corn 
and peanut oils (20—40 gm. daily in the form of 
fried rice or fried rice meal mush); low-sodium 
macaroni or spaghetti (100 gm. daily in place 
of one serving of rice); low-sodium matzoths ad 
lib; Borden’s Instant coffee (1 to 3 cups daily). 
Given singly or in various combinations of two 
or three, these foods usually did not cause 
significant elevations of blood pressure above 
those achieved with the unmodified rice diet. 
Addition of thoroughly boiled beef or chicken 
(100 gm. per meal) also seemed satisfactory in 
two trials. More work along these lines is in 


progress. 

Our observations therefore are in accord 
with the general_ experience that the ef- 
fectiveness of the rice diet in regard to 
lowering of blood pressure is related largely 


Time in Weeks 
§ 
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to its very low sodium chloride content. We 
have been unable to make out any signifi- 
cant positive or negative correlation between 
changes in systolic or diastolic pressure and 
age or sex of the patient, systolic or diastolic 
pressures at the end of the control period, 
changes in weight on the rice diet or altera- 
tions in serum sodium or other electrolytes. 
Of considerable interest in connection 
with the response of blood pressure to the 
rice diet are the effects on cardiac output, as 
determined by cardiac catheterization, and 
on calculated peripheral vascular resistance. 


For these data we are greatly indebted to 
Doctors Richard T. Cathcart, William W. 
Field and Dickinson W. Richards of the First 
(Columbia University) Medical Service, Bellevue 
Hospital. In Case B. P. the blood pressure by 
arm cuff in the control period immediately pre- 
ceding cardiac catheterization was 240/165 mm. 
Hg, mean femoral arterial pressure 192-198 mm. 
Hg, mean cardiac output 6.5 L./minute, calcu- 
lated peripheral resistance 2390 dynes cm.~°® 
second; after eighteen weeks on the rice diet 
with good response the blood pressure by arm 
cuff was 190/110 mm. Hg, mean femoral 
arterial pressure 152-156 mm. Hg, mean 
cardiac output 6.4 L./minute (an inappreciable 
decline), calculated peripheral resistance 1935 
dynes cm.~* second (a significant fall). In Case 
C. R. the blood pressure by arm cuff in the 
control period was 220/125 mm. Hg, mean 
femoral arterial pressure 154-158 mm. Hg, 
mean cardiac output 4.6 L./minute, calculated 
peripheral resistance 2705 dynes cm.~* second; 
after fourteen weeks on the rice diet with fair 
response the blood pressure by arm cuff was 
190/110 mm. Hg, mean femoral arterial pres- 
sure 124-130 mm. Hg, mean cardiac output 4.4 
L./minute, calculated peripheral resistance 
2305 dynes cm. second (a significant fall). In 
Case W. H. the blood pressure by arm cuff in 
the control period was 220/124 mm. Hg, mean 
femoral arterial pressure 168-172 mm. Hg, 
mean cardiac output 4.6 L./minute, calculated 
peripheral resistance 2980 dynes cm.~® second; 
after nine weeks on the rice diet with no response 
the blood pressure by arm cuff was 208/120 mm. 
Hg, mean femoral arterial pressure 164 mm. Hg, 
cardiac output 4.7 L./minute, calculated pe- 
ripheral resistance 2770 (insignificant fall). 


These data indicate that a favorable 
response to the rice diet in respect to 


arterial blood pressure levels is not associ- 
ated with a significant decline in cardiac 
output but is a reflection of significantly 
lowered peripheral vascular resistance. 

The relation of the response in blood pres- 
sure to the amytal floor is of interest since 
Kempner? has reported that blood pressure 
levels on the rice diet may fall below the 
pretreatment amytal floor. The following 
tabulation lists the amytal floor and the 
lowest weekly basal pressure recorded in the 
control period, together with the lowest 
weekly basal pressure recorded in the rice 
diet period in the 19 patients studied: 


west west 

Basal | “mytal | Basal 
Patient | Pressure Floor, Pressure Ab—¢ 
Control (mm. Hg) 

Control Period Rice 

Period 7 Period 

(mm. Hg) (mm. Hg) (mm. Hg) 

C. A. 182/100 | 168/102 | 142/ 81 | —26/—21 
H. Col. | 202/109 | 170/ 90 | 191/ 94 | +21/+ 4 
R. C. 182/106 | 150/ 92 | 172/101 | +22/+ 9 
H. F. 171/ 86 | 120/ 70 | 125/ 69 | + 5/— 1 
C. H. 158/110 | 140/110 | 133/ 86 | — 7/—24 
S. La. 159/106 | 142/ 95 | 143/100 | + 1/+ 5 
B. P. 170/107 | 158/110 | 131/ 93 | —27/-—17 
G. R. 201/117 | 184/100 | 191/105 | + 7/+ 5 
F. Ru. | 172/123 | 148/108 | 174/121 | +26/+13 
M. Ba. | 212/142 | 194/146 | 185/132 | — 9/-—14 
M. Be. | 144/ 96 | 108/ 94 | 108/ 79 0/-—15 
Ma. C. | 195/ 88 | 168/ 85 | 154/ 66 | —14/-—19 
J. Cl. 185/ 87 | 160/ 90 | 140/ 72 | —20/—18 
D. K. 151/ 99 | 156/104 | 131/ 85 | —25/—19 
M. Kn. | 205/ 87 | 170/ 85 | 153/ 72 | —17/—13 
S. Lau. | 224/119 | 206/120 | 200/108 | — 6/—12 
I. Mu. | 215/109 | 162/ 98 | 172/ 94 | +10/— 4 
H. O. 235/133 | 210/122 | 188/100 | —22/—22 
H. S. 196/101 | 188/102 | 148/ 78 | —40/—24 
Means 187/107 | 163/101 | 157/ 91 | — 6/—10 


It will be noted that the lowest basal systolic 
blood pressure readings in the control 
period invariably exceeded the _ systolic 
readings under amytal narcosis, usually by 
more than 20 mm. Hg. Diastolic readings 
showed smaller discrepancies but again 
were almost invariably higher. ‘The lowest 
basal blood pressure readings obtained in 
the rice diet period, on the other hand, in 
eleven patients showed systolic levels that 
were lower than those obtained under amytal 
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in the control period; basal diastolic read- 
ings in fourteen patients were below the 
amytal floor; and in eleven cases both basal 
systolic and diastolic readings fell below the 
amytal floor. 

Cold pressor tests were made by the stand- 
ard technic in thirty-three patients, while at 
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aminations were made throughout the 
control and rice diet periods by the same 
consultant, Dr. Howard E. Wiener. Accord- 
ing to the Keith-Wagener-Barker system of 
classification, grades 1 and 11 refer to vessel 
caliber and related changes only; grade m1 
includes superimposed exudates, hemor- 


TABLE V 


CHANGES IN RETINOPATHY OBSERVED DURING CONTROL PERIOD (MEAN DURATION: 9 WEEKS) AND RICE 
DIET PERIOD (MEAN DURATION: 13 WEEKS) IN THIRTY-SIX PATIENTS WITH ESSENTIAL 


HYPERTENSION 
Classification of Retinopathy: Improved No Change Worse 
: Control Rice Control Rice Control Rice 
pe Number of Patients Period | Period | Period | Period | Period | Period 
Wagener- 
Barker End E 
Grade Start we nd 
Control Control No.| % |No.| % |No.| % |No.| % |No.| % |No.| % 
Period Period Period 
II 14 12 17 2 | 14 7158] 8 | 57| 5 | 42) 4129! O 
15 17 15 5 | 33 | 14; 9 |60; 3 | 18] 1 7% @ 
IV 7 7 4 2 | 29 6; 86! 5} 71 1 14; O O 


rest in bed, during the control period and 
again after six to eight weeks on the rice diet. 
Hyperreactor responses characteristic of es- 
sential hypertension were obtained in all 
but two instances, most increases in pressure 
in the ‘“‘cold minute”’ falling in the range 
30-60 mm. Hg systolic and 25-50 mm. Hg 
diastolic. There was no marked or con- 
sistent change ii cold pressor response of 
these patients on the rice diet. Comparison 
of the distribution of points plotted for one 
period against the other revealed wide 
scatter with equal distribution of changes 
both in systolic and diastolic pressure above 
and below the 45° ‘“‘no change”’ diagonal. 
Hypertensive Retinopathy. Adequate 
descriptions by consultant ophthalmologists 
in both control and rice diet periods, and in 
some instances also eyeground photographs, 
are available for analysis in_ thirty-six 
patients presenting initial hypertensive 
retinopathy of grade 1 or more by the 
Keith-Wagener-Barker classification. To in- 
sure uniformity, repeated funduscopic ex- 
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rhages, retinal edema or _peripapillitis; 
grade Iv is characterized by the presence of 
papilledema. The mean duration of the 


TABLE VI 
CHANGES IN FUNDUSCOPIC SIGNS IN CONTROL PERIOD AND 
IN RICE DIET PERIOD IN THIRTY-SIX PATIENTS 
WITH ESSENTIAL HYPERTENSION 


% Zo 
Improved | No Change Worse 
Con- | Rice | Con- | Rice | Con- | Rice 
trol | Pe- | trol | Pe- | trol | Pe- 
Period) riod | Period} riod | Period} riod 
we 6 28 80 72 14 0 
Arteriolar color.......... 0 17 92 83 8 0 
Local caliber changes..... 3 36 80 64 17 0 
Arteriolar light reflex...... 0 6 | 100 94 0 0 
A-V crossing sigms........ 6 6 83 94 11 0 
Hemorrhages............ 14 63 59 37 27 0 
Retinal edema........... 56 81 22 19 22 0 
Papilledema............. 29 86 57 14 14 0 


control period in this group of patients was 
nine weeks, that of the rice diet period 
thirteen weeks. The incidence and nature 
of spontaneous changes in hypertensive 
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retinopathy to be anticipated with non- 
specific therapy has already been indicated 
our introductory paper.'® 

Control period (Tables v and v1): Of the 
fourteen patients showing initial grade 1 
retinopathy four exhibited progressive reti- 
nal vessel changes during the control period: 
increased vasospasticity, A-V crossing signs, 
pallor and sheathing. Two of these four 
patients advanced to grade 11 classification 
because of the development of one retinal 
hemorrhage and exudate in one instance 
and an area of hemorrhage in the other. 
Two patients in this group showed im- 


provement in A-V ratio, in the frequency ° 


and degree of crossing signs and in spastic 
phenomena but remained in grade I. 

There was no change in classification 
during the control period of the fifteen 
patients initially placed in grade m. How- 
ever, one patient developed increased peri- 
papillary edema, hemorrhages, exudates 
and venous congestion under observation; 
five patients, while not regressing to grade 
11, showed spontaneous reduction in peri- 
papillary edema, some resorption of exu- 
dates and reduction in the number of 
hemorrhages. 

Of the seven patients with papilledema 
(grade Iv) two showed some improvement 
in the control period, one exhibiting reduc- 
tion in peripapillary edema, the other 
spontaneous decrease in papilledema and 
lessened spasticity of retinal vessels. Neither 
case, however, could be reclassified in 
grade Ill. 

Rice diet (Tables v and v1): Improvement 
in retinopathy was much more marked in 
the rice diet period than in the control 
period and in not a single instance was there 
unequivocal worsening. Of the twelve pa- 
tients classified in grade 1 at the end of the 
control period, regression was noted in 
seven, the most frequent change being im- 
provement in the A-V ratio and other 
vasospastic phenomena, lessening of pallor, 
crossing signs and tortuosity of vessels. 

On the rice diet there was distinct remis- 
sion of retinopathy in fourteen of the seven- 
teen patients classified in grade 111 at the end 
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of the control period. Five showed com- 
plete clearing-up of retinal exudates and 
hemorrhages and were reclassified in grade 
1. The nine remaining patients either had 
substantial reduction in the number and 
extent of retinal hemorrhages or exudates, 
or reduction or disappearance of peripapil- 
litis. Associated vascular phenomena were 


of lesser degree in ten of the fourteen cases. 


Resolution of papilledema, together with 
reduction but not complete dissolution of 
hemorrhages and exudates occurred in 
three of the seven patients in grade Iv, these 
patients being reclassified in grade In. 
Three additional cases showed measurable 
reduction but not disappearance of papil- 
ledema, accompanied by a decrease in 
hemorrhages and exudates. Two of these 
six patients also showed distinct improve- 
ment in associated retinal vessel changes. 
One patient with grade Iv retinopathy 
proved wholly refractory to the rice diet. 

There was no significant difference in 
response of basal systolic or diastolic blood 
pressure between those patients who showed 
distinct improvement in retinopathy and 
those who failed to do so. 

These data are, of course, much more 
limited and less impressive than Kempner’s 
extensive and well documented experience 
with amelioration of hypertensive retinop- 
athy by the rice diet.** They are of the 
same general tenor, however. There can be 
no question that the incidence and degree 
of regression of hypertensive retinopathy 
observed on the rice regimen exceeds the 
probabilities of spontaneous resolution. How- 
ever, it should be noted that worsening of 
improved eyeground changes occurred in 
seven patients upon resumption of a regular 
diet while under observation in the hospital. 

Electrocardiographic Changes. ‘The 
characteristic electrocardiographic abnor- 
malities found in many patients with essen- 
tial hypertension tend either to show slow 
progression or to remain essentially un- 
changed for long periods and are widely 
held to be of unfavorable prognostic import. 
However, spontaneous changes toward nor- 
mal, as indicated by a tendency of inverted 
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T waves to become upright and depressed 
S-T’ segments to become isoelectric, are 
occasionally observed particularly in women. 
In our introductory study of the effects of 
prolonged hospitalization per se!® it was 
found that such changes toward normal 
occurred in six of forty-one patients. 
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F., IT, and Tv; tended toward upright, 
became more distinctly upright. In Case M. 
Ba., I, and Iv; changed from inverted to 
upright, ‘I’. became more definitely upright. 

Rice diet: Of the remaining twenty-seven 
patients who showed no modification of the 
ECG during the control period, nine (all 


TABLE VII 
ANALYSIS OF ASSOCIATED RELEVANT DATA IN NINE PATIENTS WITH AND EIGHTEEN PATIENTS WITHOUT 


ELECTROCARDIOGRAPH CHANGES TOWARD NORMAL ON 


THE RICE DIET 


— Change in Change in 
Duration Time Diastoli Heart Body 
No. astolic ‘ 
of on Pr Size Weight 
of essure 
Control Rice H (cm.) (kg.) 
Pa- (mm. g) 
Period Diet 
Gents (wk.) (wk.) 
Control; Rice Control! Rice | Control) Rice 
11 15 — 4 —13 —0.3 | —0.8 | +0.7 | —3.2 
6 13 — 4 —19 —0.9|} —0.5| —5.8 
12 9 — 7 —20 +0.7 —0.3 | —0.6/! —5.1 
6 28 —10 — 30 +0.5 | —1.7 —3.3 | +3.0 
11 28 + 8 — 7 +0.4 —0.2; +0.9; -—1.1 
3 17 + 7 —63 0.0} —3.5 |} —2.0} —7.9 
Means: 8.8 | 17.2 | — 3.4} —19.0 | +0.2 | —1.2} —0.8 | —2.6 
No change in ECG on rice diet.| 18 | Means: 8.4 |} 12.3 | — 4.4} —11.5 0 —0.7 |} +0.4| —0.8 


Kempner’ reported a much higher pro- 
portion of such reversions toward normal in 
his hypertensive patients on the rice diet. 
Of ninety-nine subjects with pretreatment 
inversion of JT, in thirty T,; became 
upright. 

In the present study electrocardiographic 
tracings of the three standard limb leads 
and V; were recorded at the beginning and 
end of the control period and again every 
four to six weeks during the rice regimen. 
Twenty-nine patients were found to have 
abnormal electrocardiograms when admit- 
ted to this Service, exclusive of those 
receiving digitalis. 

Control period: In two instances, Cases H. 
F. and M. Ba., electrocardiographic changes 
toward normal occurred during the control 
period (see Fig. 4, reference 10). In Case H. 
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. male save one) developed changes toward 


a more normal pattern in the rice diet 
period (Fig. 5); eighteen remained the 
same; none showed progression. However, 
one patient (Case F. B.) not included in the 
group of twenty-nine because the ECG on 
admission showed changes suggestive of old 
posterior wall infarction developed another 
myocardial infarction in the eighth week 
of the rice diet. 

As indicated in ‘Table vi, the mean dura- 
tion of the rice period was 17.2 weeks in the 
nine patients who showed changes toward 
normal as compared with 12.3 weeks in 
those who did not, and the control period 
was shorter in both instances (8.8 and 8.4 
weeks, respectively). It will be noted in 
Table vu that there were no significant dif- 
ferences in respect to mean changes in 
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C. A. (58 M.) 
Control 


Rice—15 wk. Control 


10-6-48 3-31-49 4-21-49 


M. Kn. (57 F.) 


Control Rice—9 wk. Control 


-+-- 


3-16-49 9-16-48 


Mu. C. (57 M.) 
Rice—4 wk. ntrol 


S. N. (52 M.) 


F. H. (49 M.) 
Rice—13 wk. 


9-23-48 12-17-48 
fC. Ro (49 M.) 


Rice—28 wk. Control Rice—28 wk. 


3-9-50 


3-31-49 8-17-49 


Fic. 5. Electrocardiograms in control period and rice diet. c. A.: Less marked inversion T;, T2, Tvs after 
fifteen weeks on rice diet. Mu. c.: T;, T2, Tv; more upright after four weeks on rice diet. F. H.: T;, T2, Tvs 
changed from inverted to upright after thirteen weeks on rice diet. M. kn.: T; changed from inverted to 
upright after nine weeks on rice diet. s. N.: T; and Tv; became less inverted, T, became upright after twenty- 
eight weeks on rice diet. c. Ro.: T;, T2, Tvs changed from inverted or diphasic to upright after twenty-eight 


weeks on rice diet. 


diastolic pressure, heart size or body weight 
between those who did and those who did 
not show apparent improvement in the 
ECG. We considered the possibility that 
the high potassium content of the rice-fruit 
regimen might have something to do with 
reversion of T’ waves to upright but this was 


not reflected in higher serum potassium 
levels in the cases concerned; in general, 
hyperkaliemia does not develop on the rice 
diet. 

The incidence of regression of electro- 
cardiographic changes on the rice diet 
appears to be significantly higher than that 
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F. M. (40 M.) 


F. Sm. (64 M.) 


Control Rice—29 wk. Control 


v5 


3-3-49 10-6-49 12-27-48 
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J. L. (58 M.) 


Rice—17 wk. Control Rice—12 wk. 


7-15-49 9-15-49 


Fic. 5 (cont.). Electrocardiograms in control period and rice diet. F. sm.: After twenty-nine weeks on rice diet 
T became less inverted and the depressed S-T segment in lead 1 became isoelectric, T:; became upright, Tvs 
less inverted. F. M.: After seventeen weeks on rice diet the depressed S-T segments in leads 1, u, vs; became 
isoelectric or less depressed, T; and Tvs became more upright. jy. L.: Ti, T2, Tvs became upright or less 


inverted after twelve weeks on the rice diet. 


to be expected spontaneously and occurred 
preponderantly in males in this series. 
However, in view of the multiplicity of 
factors involved both in causation and 
regression of electrocardiographic abnor- 
malities in essential hypertension, and the 
lack of correlation with other indications of 
improvement, it is difficult to appraise the 
significance of the effects of the rice diet on 
the ECG. While presumably a favorable 
response, it is doubtful that the changes 
observed merit the emphasis placed upon 
them by Kempner who regards such altera- 
tions in the ECG as one of three major 
criteria in the estimation of improvement 
on the rice diet. 

Heart Size. Enlargement of the heart is 
a common complication of essential hyper- 
tension and, as a prelude to or accom- 
paniment of overt congestive failure, it is 
generally regarded as of unfavorable prog- 
nostic import. Kempner* found that the 
rice diet often effected a reduction in the 
transverse diameter of the cardiac silhouette. 
He reported a decrease of 10 per cent or 
more of the pretreatment measurement in 
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44 per cent of 286 patients who had been 
on the rice diet for a mean of 118 days and 
were not conjointly receiving digitalis. In- 
crease in heart size occurred in only 5 per 
cent of these cases. The mean cardiac 
transverse diameter before treatment was 
14.2 cm.; after rice diet therapy 12.9 cm. 
In the present study satisfactory data on 
changes in heart size during the control and 
rice diet are available in thirty-three pa- 
tients. Of these eighteen were receiving 
digitalis for varying degrees of cardiac de- 
compensation and eight were in frank 
congestive failure at the time of admission. 
Control period: At the beginning of the 
control period seventeen patients were 
found to have an increase in transverse 
diameter of the cardiac silhouette at least 
20 per cent above prediction based on 
patient height and weight. At the end of 
the control period, which was of 9.7 weeks 
mean duration, the number had grown to 
twenty-one (Fig. 6). In only two cases was 
there a reduction in heart size greater than 
1.0 cm. (Table vim.) These two patients had 
partially regained compensation in the 
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control period, without significant fall in 
diastolic blood pressure or marked weight 
loss. 

Rice diet: On the rice diet nineteen of the 
thirty-three patients were found to have had 
a reduction in transverse diameter of the 


P 
33 PATIENTS PERIOD 


ENO OF 
RICE 


No. of Patients 


*50 


Y Deviation from Predicted Normal Transverse 
Cardiac Diameter 


Fic. 6. Histogram representing frequency distribu- 
tion of per cent deviation of measured from pre- 
dicted (normal) transverse cardiac diameter in 
thirty-three patients with essential hypertension 
at the end of the control period (mean duration 9.7 
weeks) and at the end of the rice diet period (mean 
duration 11.4 weeks). At the end of the control 
period twelve patients had heart sizes less than 20 
per cent above prediction; in the rice diet period 
this number increased to nineteen. (For contrast 
with effects of hospitalization per se, see Fig. 3, 
reference 10.) 


cardiac silhouette greater than 1.0 cm., the 
mean decrease being 2.0 cm. (Table vim.) 
There was a distinct shift downward in fre- 
quency distribution with respect to cardiac 
enlargement, nineteen of the patients falling 
in the groups less than 20 per cent above the 
predicted normal, as compared with twelve 
at the end of the control period. (Fig. 6.) 
The incidence of reduction in transverse 
diameter on the rice diet was thus con- 
siderably greater than occurred in _ the 
control period or in the previously reported 
study’ of spontaneous variation and effects 
of hospitalization per se on heart size. It 
should be noted (Table vu) that there was 
an insignificant difference in respect to 
duration of the rice diet period, fall in blood 
pressure and change in weight between 
those who did and those who did not show 
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reduction in transverse diameter greater 
than 1.0 cm. Weight loss was too small to 
implicate reduction due to starvation.*° 


In considering the significance of this effect 
of the rice diet it should be recalled that increase 
in heart size in arterial hypertension is the result 


TABLE VIII 
REDUCTION OF TRANSVERSE DIAMETER OF CARDIAC 
SILHOUETTE IN CONTROL PERIOD AND IN RICE 
DIET PERIOD IN THIRTY-THREE PATIENTS 
WITH ESSENTIAL HYPERTENSION 


Reduction in 
‘Transverse 
Diameter 


<1cm.| >1 cm. 


Control Period 


Number of patients.............. 31 2 
Mean change heart size, cm....... —1.2 
Mean duration control period, wk. . 9.6 11 


Rice Diet Period 
Number of patients.............. 14 19 


Mean change heart size, cm....... —0.2 —2.0 
Mean change diastolic pressure, mm. 

Mean weight change, kg.......... —2.0 —2.2 
Mean duration rice diet, wk....... 9.9 12.5 


of cardiac hypertrophy, the effect of work against 
increased peripheral vascular resistance, and 
cardiac dilatation, a sign of the failing hyper- 
trophied left ventricle. As already indicated, 
peripheral vascular resistance may decrease on 
the rice diet. Consequently there may have 
been some diminution of cardiac hypertrophy, 
even in the comparatively short period of ob- 
servation, in those evincing reduction in heart 
size since the mean fall in basal diastolic pressure 
in this group was 20.6 mm. Hg as compared 
with 9.6 mm. Hg in the other. (Table vim.) 
However, expansion of cardiac contours visu- 
alized roentgenographically ordinarily largely 
reflects dilatation of the heart—cardiac hyper- 
trophy results in concentric enlargement which 
encroaches upon the ventricular lumen and is 
difficult to detect by x-ray. The changes noted 
in measurement of heart size therefore doubtless 
refer for the most part to variations in cardiac 
dilatation as a reflection of varying degrees of 
clinically manifest or occult cardiac failure. 


The effectiveness of the extremely low 
salt content of the rice diet in restoring 
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cardiac compensation is apparent in the 
prompt and sometimes marked diuresis 
following institution of the rice diet, the 
lowering of elevated circulation time and 
venous pressure, and relief of clinical signs 
and symptoms of overt congestive failure. 
Digitalis frequently may be withdrawn; ten 
of the thirty-three patients required digitalis 
at initiation of the rice diet and in six it 
could be discontinued. The association of 
restoration of compensation in the failing, 
dilated heart with reduction in transverse 
cardiac diameter, at least when observed 
relatively early in the rice diet period, was 
quite apparent in some of our patients and 
probably applies even to those cases without 
clinically obvious failure since cardiac dila- 
tation may long antedate overt symptoms 
and signs of congestion. Evidence for this 
is provided in the following section describ- 
ing correlations between changes in heart 
size and plasma volume noted on the un- 
modified rice diet and on the rice diet when 
supplemented with salt. 

T-1824 Dye Space. As a measure of 
plasma volume the T-1824 dye technic is 
subject to appreciable error, particularly in 
congestive failure, due to loss of dye into the 
interstitial and lymphatic fluid spaces and 
impounding of the dye in various blood 
depots.*! Nevertheless the method gives 
reasonably consistent results and the T-1824 
dye space is generally employed as a useful 
approximation of the circulating blood 
plasma volume. 

In twenty-one patients T-1824 dye space 
was estimated toward the end of the control 
period and again on the rice diet at times 
that coincided with measurements of trans- 
verse cardiac diameter. Most of the subjects 
studied had some stigma of heart failure, 
either in the history or physical findings, or 
as indicated by increased venous pressure, 
circulation time or transverse cardiac diame- 
ter. In this important respect our study 
differs from that of Murphy*®? who ex- 
cluded from his series all patients with 
clinical manifestations of heart failure 
although his data on pretreatment trans- 
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verse cardiac diameter imply that some had 
increased heart size. 

Control pertod: In accordance with previ- 
ous reports**** the T-1824 dye space was 
found to increase in rough proportion to the 
degree of cardiac failure as judged by the 
usual clinical and laboratory criteria. (Table 
Ix.) For group 1 with minimal failure the 
mean T’-1824 dye space was 2,940 ml., only 
8 per cent above the average normal pre- 
dicted on the basis of surface area.** This 
figure, which is in good agreement with 
Murphy,” implies that the fluid space into 
which T-1824 dye is distributed is little if 
at all expanded in patients with essential 
hypertension who show few or no indica- 
tions of congestive heart failure. For group 
11 with moderate failure the mean T-1824 
dye space was 3,430 ml., or 23 per cent 
above the predicted normal. In the three 
patients with severe congestive failure, 
group I, the mean T-1824 dye space was 
4,030 ml., or 55 per cent above the pre- 
dicted normal. 

Rice diet: After three to twelve weeks 
(mean 6.6 weeks) on the rice diet the T-1824 
dye space was found in general to have 
contracted. (Table rx.) The mean decrease 
was 9 per cent of the control figures, the 
most marked reduction occurring in the 
three patients with severe congestive failure 
(mean: —20.3 per cent of the control dye 
space). Our data do not clearly indicate the 
rate of contraction of ‘T-1824 dye space on 
the rice diet but Murphy*® found that the 
reduction occurred chiefly in the first three 
to six weeks after initiation of the diet and 
remained relatively constant thereafter. It 
should be noted that in our series of twenty- 
one patients the mean over-all weight loss 
was only 2.5 kg. 

In contrast to the lack of correlation be- 
tween changes in heart size and diastolic 
blood pressure on the rice diet, a highly 
significant correlation could be made out 
with concomitant changes in T-1824 dye 
space, this correlation applying not only 
for patients with clinically obvious cardiac . 
failure but for the group as a whole. (Fig. 
7.) Such a relationship was not apparent in 


> 


466. 


Murphy’s experience,*? one reason proba- 


bly being his selection of cases without overt © 


congestive failure, as already mentioned. 
It should be pointed out that our correlation 
refers largely to measurements made within 
the first two months on the rice diet whereas, 
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in both Kempner’s experience and our own, 
reduction in transverse cardiac diameter 
may also occur later, long after major fluid 
shifts should have become stabilized. This 
would indicate that recompensation alone 
does not account altogether for reduction in 


TABLE IX 
T-1824 DYE AND THIOCYANATE SPACES IN TWENTY-ONE PATIENTS WITH ESSENTIAL HYPERTENSION 
Surface Area Absolute Absolute 
(sq.m.) =e T-1824 Space, (ml.) Thiocyanate Space (L.) 
on 
Patient Rice 
Control Rice pang Control Rice Change | Control Rice Change 
Period | Period : Period | Period % Period | Period % 
Group 1: Minimal Failure 
A. A. 1.60 1.58 3 2470 2430 — 1.6 14.3 10.8 —24 
P. K. 1.81 1.81 12 3410 2940 —13.8 16.8 14.0 —17 
C. Ro. 1.67 1.67 5 3220 2750 —14.6 
F. Ru. 1.81 1.75 7 3310 3440 + 3.9 15.3 14.3 — 6.5 
M. Ba. 1.61 1.62 9 2580 2480 — 9.5 15.5 14.7 — 5.2 
M. Be. 1.53 1.50 4 2790 2630 — 5.7 12.3 10.8 —12 
J. Co. 1.40 1.50 4 2380 2160 — 9.2 10.6 9.0 —15 
I. Mu. ep 1.68 5 3370 3260 — 3.3 
Mean: 6.1 2940 2760 — 6.7 14.1 12.3 —13 
J Above Predicted * + 8 + 6 
Group u: Moderate Failure 
C: A. 1.70 1.68 9 3320 3010 — 9.3 15.6 14.0 —10 
H. Col. 1.83 1.83 5 3740 3700 — 1.1 
R. G. 1.63 1.55 11 3480 3020 —13.2 19.7 14.2 —28 
G. K. 1.68 1.56 3 3520 3520 0 16.7 13.0 —22 
| = 1.80 1.68 6 4050 3720 — 8.2 17.1 15.1 —12 
F. Sm. 1.85 1.90 7 4050 3770 — 6.9 20.4 16.1 —21 
5. S24. 1.40 1.40 4 2800 2300 —17.9 
C. D. 1:25 1.20 6 2510 2140 —14.8 13.5 11.4 —16 
M. Kn. 1.83 1.80 9 4120 4050 — 1.7 
J. N. 1.67 1.63 3 2690 2650 — 1.5 13.0 11.9 — 8.5 
Mean: 6.3 3430 3190 — 7.5 16.6 13.7 —17 
J Above Predicted * +23 +17 
Group m1: Severe Failure 
a 1.70 1.67 7 3940 3320 —15.7 
G. R. 1.78 ..72 10 4400 3350 —23.9 
E. M. 1.57 1.53 9 3760 2960 —21.2 
Mean: 8.7 4030 3210 —20.3 
% Above Predicted * +55 +24 
All Cases Mean: 6.6 3330 | 3030 | — 9.0| 15.4 13.0 | —15 
All cases % Above 
Predicted: * +22 +14 


* Predicted from Gibson and Evans** on basis of patient height and weight. 
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heart size on the rice diet, particularly after 
prolonged periods. 

No definite correlation was found by 
Murphy or ourselves between changes in 
T-1824 dye space and fall in systolic or 
diastolic blood pressure although there was 
some indication in our data of a possible 
relation to marked falls in diastolic levels in 
patients with severe congestive failure. 

That the contraction of T-1824 dye space 
observed on the rice diet was due to sodium 
restriction is demonstrated by the reex- 
pansion occurring upon addition of sodium 
chloride to the rice diet in the five experi- 
ments summarized in Figure 8. As indi- 
cated, addition of 1.0 gm. and 3.0 gm. 
sodium chloride daily for periods of one to 
four weeks resulted in increased T-1824 dye 
space, the largest changes (up to 16 per cent 
above the rice period level) occurring with 
the larger salt supplement. Accompanying 
the expansion of plasma volume, al- 
though not closely paralleling it, was an 
increase in transverse cardiac diameter 
which was somewhat less than 1.0 cm. in 
three instances but exceeded 2 cm. in 
Case P. K. Systolic and diastolic blood 
pressures rose to levels intermediate be- 
tween those of the rice diet and control 
periods in three of the patients but again 
there was no simple correlation with 
changes in T-1824 dye space. (Fig. 8.) 

Thiocyanate Space. It has been made 
quite clear that, owing to entrance of thio- 
cyanate into erythrocytes, gastric mucosa 
and probably other cells, the space into 
which thiocyanate ion is distributed is con- 
siderably larger than the extracellular fluid 
volume as measured, for example, by the 
inulin space.*® ‘The continuous infusion 
technic required for inulin space determina- 
tions seemed impracticable, however, in our 
patients with manifest or probable heart 
failure so measurements of changes in thio- 
cyanate space on the rice diet were made in 
the hope that these might reflect shifts in 
plasma and interstitial fluid volumes. 

Our findings in thirteen patients are in 
substantial agreement with those of Mur- 
phy*? in seventeen cases of essential hyper- 
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tension. In our series (Table rx) the mean 
thiocyanate space in the control period was 
15.4 L., with reduction after a mean of 
6.5 weeks on the rice diet to a mean of 
13.0 L., or 85 per cent of the control 
value. The calculated “interstitial fluid 
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Fic. 7. Scatter diagram showing relation between 
changes in transverse cardiac diameter in roentgeno- 
gram and changes in plasma volume (T-1824 space) on 
left, and diastolic pressure on right, in seventeen pa- 
tients with essential hypertension on the rice diet. 
There is highly significant correlation between changes 
in heart size and plasma volume, little correlation 
between changes in heart size and diastolic blood 
pressure. 


space” in our series (thiocyanate space 
minus simultaneously determined T-1824 
dye space) was reduced from a mean of 
12.3 L. in the control period to 10.1 L. in 
the rice diet period, a reduction of 17.9 per 
cent. While there was a concurrent mean 
contraction in thiocyanate and T-1824 dye 
spaces, no generally applicable correlation 
between these quantities could be made out. 

Addition of 1.0 gm. sodium chloride to 
the rice diet in one case and 3.0 gm. in four 
others resulted in increased thiocyanate 
spaces in four of the five instances, the 
increase in two of the patients receiving 
3.0 gm. salt being statistically significant. 
Apart from occurrence of the largest ex- 
pansion of both thiocyanate and T-1824 dye 
spaces in the same patient (P. K.), again 
no simple relation between these changes 
could be established. : 

There can be no doubt that a contraction 
of extracellular fluid volume occurs on the 
rice diet, usually in the early weeks, and 
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that this reflects an initial loss of body 
sodium incidental to the extremely low 
sodium intake. From the changes in serum 
sodium concentration and in thiocyanate 
space in these thirteen patients over a mean 
period of 6.6 weeks on the rice diet we have 
made a first approximation of the extent of 
loss of total body sodium. In every instance 
sodium loss occurred, ranging from 54 to 


175 


100 
75 
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847 mEq., the mean being 338 mEq. No 
significant correlation could be made out 
between the estimated decrease in body 
sodium and the decline in basal diastolic 
blood pressure. 

The decrease in total body sodium in the 
initial weeks on the rice diet is not reflected 
in changes in concentration of sodium in the 
serum, which usually is maintained within 
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Fic. 8. Changes in arterial pressure and plasma volume (T-1824 space) in five 
patients with essential hypertension on strict rice diet and following addition of 
1 or 3 gm. of sodium chloride daily. The top of each vertical bar indicates mean 
basal systolic pressure for one week and bottom of bar the corresponding 
diastolic pressure. The heavy line below indicates concomitant plasma volume 
changes. 
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normal limits. Similarly, as Murphy*? has 
pointed out, the apparent stability of serum 
plasma protein concentrations on the rice 
diet is misleading because, in view of the 
contraction of plasma volume, there may 


remained constant or increased toward or 
above control levels. Excessive weight loss 
or gain was controlled by individual adjust- 
ments in the calorie intake of the rice 
regimen. 


TABLE X 
CHANGES IN BODY WEIGHT IN FIFTY PATIENTS WITH ESSENTIAL HYPERTENSION DURING THE CONTROL 
AND RICE DIET PERIODS 


Control Period Rice Diet Period 
No. of Weight Change Duration Weight Change Duration 
Patients 
Mean Range Mean| Range | Mean Range Mean/} Range 
(kg.) (kg.) (wk.) | (wk.) | (kg.) (kg.) (wk.) | (wk.) 
28 +0.7 | —4.9to +5.7 | 320 —3.0| —8.3to +1.0 | 10.9; 3-20 
Females.......... 22 +2.0} —9.1 to +5.1 | 10.2 | 5-28 —1.9| —9.0to +5.0 | 12.2 | 6-36 
50 +1.3| —9.1to +5.7 | 9.8 | 3-28 ~9.0 11.5 | 3-36 


be a substantial reduction in total circulat- 
ing plasma proteins. 

Changes in Body Weight. Control period: 
There was a mean weight gain of 1.3 kg. for 
the group as a whole in the control period. 
(Table x.) Individual variations ranged 
from a loss of 9.1 kg. to a gain of 5.7 kg., 
reflecting adjustments in the diet to reduce 
the weight of some obese patients and to 
increase the caloric intake of others who 
were much below the standard. Some 
patients with cardiac decompensation also 
gained weight associated with water reten- 
tion on the supposedly ‘“‘low-salt’’ hospital 
diet which, as indicated, proved on analysis 
to average 10 gm. sodium chloride daily. 

Rice diet: On the rice diet the over-all 
change in weight was only —2.5 kg. (Table 
x.) Thirteen males and nine females showed 
a weight loss greater than 2.5 kg. (maximum 
9 kg.), fourteen males and nine females lost 
less than 2.5 kg., one male and four females 
gained up to 5 kg. in weight. Almost all 
patients lost appreciable weight in the first 
two weeks on the rice diet, usually in asso- 
ciation with marked diuresis, and the 
weight loss was apt to continue at diminish- 
ing rates to about the sixth week. After the 
sixth rice diet week the weight generally 
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Antipyrine Space. Of interest is a com- 
parison of body weight loss or gain on the 
rice diet with changes in total body water 
content, as estimated by the antipyrine 


TABLE XI 
CHANGES IN BODY WEIGHT AND ANTIPYRINE SPACE ON THE 
RICE DIET IN SEVENTEEN PATIENTS WITH 
ESSENTIAL HYPERTENSION 


Body Weight (kg.) Antipyrine Space (L.) 
Water 
Loss > 
Patients | (a) b (d) B Weight 
ice ice 
Period] 4¢— Period] 44 — «| 
Males 
R.C. | 56.5 | 57.0; +0.5 | 32.9} 31.8; — 1.1 | — 1.6 
F. Ru. | 62.9 | 62.9 0.0 | 34.0 | 32.0} — 2.0] — 2.0 
A. A. 57.3 | 55.5 —1.8 | 32.0 | 28.0} — 4.0 | — 2.2 
A.D. | 52.1 | 49.4 | —2.7 | 28.4 22.1} — 6.3 | — 3.6 
B. P. 67.2 | 64.5 —2.7 | 32.3 | 20.4} —11.9} — 9.2 
Mu. C./| 65.0 | 62.3 | —2.7 | 30.3 | 33.1} + 2.8] + 5.5 
C. Ro. | 57.9 | 54.8 —3.1 | 32.6} 35.5} + 2.9|] + 6.0 
H. Col.} 62.0 | 58.8 —3.2 | 38.9} 32.9} — 6.0] — 2.8 
T. Mc.} 61.8 | 57.3 —4.5 | 34.4 | 33.0} — 1.4] + 3.1 
Females 
M. Ba.| 61.4 | 64.5 | +3.1 | 36.4 | 28.3 | — 8.1 | —11.2 
J. Co. | 52.1 | 52.7} +0.6 | 30.5 | 25.9 | — 4.6} — 5.2 
C. V. 57.1 | 57.2 | +0.1 | 23.0 | 26.6 | + 3.6] + 3.5 
Y.R. 51.4 | 50.0 | —1.4 | 23.9 | 20.6| — 3.3 | — 1.9 
M. Be. | 63.1 | 60.4 | —2.7 | 26.6 | 22.8} — 3.8/|} — 1.1 
A. Mo.| 70.0 | 67.3 | —2.7 | 35.6 | 35.3 | — 0.3} + 2.4 
I. Mu. | 67.9 | 64.1 —3.8 | 31.8 | 25.6 | — 6.2] — 2.4 
D. K. | 61.4 | 53.2 —8.2 | 33.0 | 27.4| — 5.6] + 2.6 
Males 
Means: 60.3 | 57.9 —2.4 | 32.9 | 29.9}; — 3.0 
Females 
Means: 60.6 | 58.7 —1.9 | 30.1 | 26.6}; — 3.5 
Total ; 
Means: 60.4 | 58.3 —2.1 | 31.6 | 28.3 | — 3.3 
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space.* Data for such comparisons were 
obtained in seventeen patients in the control 
period and again three to fifteen weeks after 
institution of the rice diet. (Table x1.) None 
of these patients was in frank congestive 
failure. The mean control period values for 
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Fic. 9. Changes in body compartments on rice 
diet based upon averages of determinations of 
body weight and antipyrine space (total body 
water) in seventeen patients with essential hyper- 
tension. Solids compartment is calculated on the 
assumption that body water represents 73 per cent 
of lean body mass. On the rice diet there was slight 
weight loss with distinct increase in body fat at the 
expense of both water and solids compartments. 


males (32.9 L.) and females (30.1 L.) are 
within the normal range.” A contraction 
of the antipyrine space occurred on the rice 
diet in all but three instances, including 
three patients (Cases R. C., M. Ba. and J. 
Co.) who gained weight. In eleven instances 
body water loss (mean: 3.3 L.) paradoxically 


* We are greatly indebted to Doctors Marcelle F. 
Dunning and Eugene Y. Berger of the New York Uni- 
versity Research Division, Goldwater Memorial Hos- 
pital, for the determinations of antipyrine space. 


appeared to be greater than body weight 
loss (mean: 2.1 kg.), presumably due to re- 
placement of body water by fat. If the water 
content of the lean body mass can be as- 
sumed to remain constant at about 73 + 3 
per cent on the low sodium intake of the 
rice diet, the redistribution of fat, water and 
solids in our patients on the rice diet may 
be calculated to the following approxima- 
tions (Fig. 9): The mean percentage of body 
fat* increased from 28.4 to 33.4 per cent; 
body water decreased from 52.3 to 48.7 per 
cent; “lean body mass solids’? decreased 
from 19.3 to 17.9 per cent. 

Basal Metabolic Rate. <A small but im- 
pressively consistent decline in basal meta- 
bolic rate was observed on therice diet in our 
patients, of whom forty-three had tests per- 
formed at least twice during the control 
period and at least twice during the rice 
diet period. In our analysis of the results we 
have compared the lowest rate recorded 
during the control period with the lowest 
obtained during the rice diet period. 

The mean of the lowest basal metabolic 
rates in the control period was +1.6 per 
cent, ranging from +32 per cent to —32 
per cent; in the rice diet period the mean 
was —9.6 per cent, ranging from +17 to 
— 33 per cent. The mean change in basal 
metabolic rate on the rice diet was — 11 per 
cent, ranging from +17 to —39 per cent. 
Twelve males and nine females showed a 
drop greater than 10 per cent; eight males 
and seven females showed a drop which was 
less than 10 per cent; two males and two 
females showed a rise, in only one instance 
greater than 10 per cent; one male and two 
females remained unchanged. 

Four factors probably contribute to this 
general decline in basal metabolic rate: 
training in technic and improved relaxation 
as the tests were repeated; improved cardiac 
compensation on the rice diet; increased 
ratio of fat to lean body mass; and perhaps 
also an apparent rise in respiratory quotient 
on the very high carbohydrate rice diet, 
even in the postabsorptive state. Determi- 
nations in three patients revealed respir- 
atory quotients of 0.90, 0.92 and 0.86, 
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higher than the assumed respiratory quo- 
tient of 0.82. 

Serum Electrolyte Levels and Related 
Observations. The extremely low sodium 
content of the Kempner rice regimen throws 
new light upon the extraordinary capacity 


gastrointestinal tract and skin. As Kemp- 
ner® has shown, urinary excretion of sodium 
on the rice diet falls to extraordinarily low 
levels if the kidneys are not too badly 
damaged. Our experience is illustrated in 
Figure 10 which shows a typically pre- 


TABLE XII 
INFLUENCE OF THE RICE DIET ON SERUM SODIUM, POTASSIUM, CHLORIDE AND BICARBONATE LEVELS 
Control Diet (a) Rice Diet (4) 
Number 
of 
Patients; Mean Range Mean Range 
mEq./L. mEq./L. mEq./L. mEq /L. Mean 
mEq./L. mEq./L. 

ii iw ws 29 138.2 133 to 143 135.2 124 to 142 —3.0 —16 to +4.0 
Potassium............ 13 4.3 3.7 to 5.3 4.6 3.3 to 5.9 +0.3 —0.7 to +1.5 
32 104.1 94 to 110 96.5 80 to 107 —7.6 —19 to —1.0 
Bicarbonate.......... 11 27.6 23.3 to 30.0 32.2 26.7 to 36.3 +4.6 +1.2 to +7.0 


of the organism to save base by adjusting 
its conservation mechanisms with hitherto 
unsuspected efficiency. As Kempner**‘ has 
pointed out, the rice diet produces no 
significant change in mean serum sodium 
concentrations, the mean serum potassium 
level tends to rise slightly, serum chloride 
falls significantly and there is a significant 
increase in serum bicarbonate. 

In our studies in twenty-nine patients 
with essential hypertension the mean serum 
sodium concentration fell insignificantly, 
from 138.2 to 135.2 mEq./L. (Table xn.) 
Six of these patients showed a rise in serum 
sodium on the rice diet, seventeen had de- 
creases less than 5 mEq./L. and six showed 
greater decreases, in two instances the falls 
being 10 and 16 mEq./L. These falls were 
not accompanied by recognizable clinical 
manifestations of low-salt syndrome, unless 
general muscle weakness and the other dif- 
fuse complaints already described are to be 
so construed. Obviously, maintenance of 
normal serum sodium levels for many 
months in the face of negligible intake on 
the rice diet requires intact sodium con- 
servation mechanisms in the _ kidneys,* 


* For this reason we have not, in conjunction with the 
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cipitous drop in urinary sodium excretion 
upon institution of the rice diet, from 90 te 
10 mEq. per day, followed by a gradual 
further decrease to levels of about 1 mEq. 
per day by the third week. Sodium balance 
studies to be reported elsewhere indicated 
essential sodium equilibrium after several 
weeks of the rice diet, the small negative or 
positive balances noted probably reflecting 
variations in collection of excreta. 

In thirteen patients studied the mean 
serum potassium level rose on the rice diet 
from 4.3 to 4.6 mEq./L. (Table xm.) Five 
of these patients showed rises of more than 
0.5 mEq./L., in no instance (except in one 
case of terminal glomerulonephritis not 
included in this series) reaching significant 
hyperkaliemic levels; in four patients there 
were increases less than 0.5 mEq./L.; and 
in four the serum potassium levels fell. 
Potassium excretion in the urine rose some- 
what on the rice regimen. (Fig. 10.) Balance 
studies in eight cases indicated slight posi- 
tive potassium balance after several weeks 
rice diet, employed mercurial diuretics which are used 
by some to accelerate sodium depletion on low-salt diets. 
Use of mercurials would seem to be dangerous in counter- 


acting the regulation of sodium excretion necessary to 
maintain physiologic serum sodium concentrations. 
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on the rice diet in some instances but with 
little deviation from apparent equilibrium. 
The rice diet produced no significant 
change in serum calcium levels in any of the 
six patients studied. The daily urinary 
calcium excretion fell promptly to very low 
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Fic. 10. Decreased urinary excretion of nitrogen, 
creatinine, sodium, chloride, potassium, phosphorus 
and calcium on the rice diet (Case W. H.). Patient 
was on a regular diet in the first week and began the 
rice diet at the point indicated by vertical line for start 
of the second week. 


levels when the rice diet was instituted and 
remained at this level throughout the three 
weeks of urine collections. Balance studies 
in two patients revealed consistent and 
distinct negative calcium balance, reflecting 
the inadequate calcium intake on the rice 


regimen, with large losses of calcium in the 
stools. 

The serum chloride level fell without ex- 
ception in the thirty-two patients studied, 
from a mean pretreatment value of 104.1 
mEq./L. to 96.5 mEq./L. on the rice diet. 
(Table xu.) In ten instances the decline was 
less than 5 mEq./L., in the remaining cases 
this figure was exceeded, reaching 17 and 
19 mEgq./L. in two patients. Excretion of 
chloride in the urine (Fig. 10) dropped 
precipitously upon institution of the rice 
diet, from levels of about 70 to 18 mEq. per 
day, thereafter declining gradually to daily 
levels of about 1.5 mEq. in the third week 
of the rice diet. Balance studies in five 
patients gave variable results impossible 
of interpretation. 

The bicarbonate content of the serum 
rose in every one of the eleven patients in- 
cluded in this series, from a mean pre- 
treatment level of 27.6 mEq./L. to a mean 
of 32.2 mEq./L. on the rice diet. (Table 
xu.) In five instances the increase was less 
than 5 mEq./L., in six the rise exceeded 
this figure. The regular development of 
compensated metabolic alkalosis on the rice — 
diet is attributable, in part, to the fall in 
serum chloride and the high intake of 
readily oxidizable organic acids, in the form 
of potassium salts, particularly in the fruits 
and fruit juices of the diet. 

Serum inorganic phosphate levels in the 
blood were not affected by the rice diet. 
As a reflection of the low phosphorus con- 
tent of the diet the daily urinary phosphorus 
excretion fell promptly from about 25 to 
15 mM per day and thereafter diminished 
gradually to levels of about 10 mM per day. 
Balance studies gave results varying some- 
what above or below equilibrium in differ- 
ent patients, variations not clearly related 
to nitrogen balance and difficult to evaluate. 

It has already been pointed out that, as 
emphasized by Murphy,*? values for the 
concentration of various electrolytes in the 
serum may not reflect large and important 
decreases or increases in total body elec- 
trolyte stores. In the case of sodium, for 
example, a sizable decrease in total body 
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content appears to occur quite regularly on 
the rice diet, as indicated by contraction of 
the extracellular fluid volume, without ap- 
preciable change in serum sodium concen- 
trations. In the case of chloride this loss 
presumably is even larger. 

As already stated no correlation could be 
made out between the fall in blood pressure 
and loss of body sodium or the change in 
serum concentrations of sodium or other 
electrolytes. 

Serum Cholesterol, Phospholipids, Cho- 
lesterol/Phospholipid Ratio and Neutral 
Fat; Liver Function Tests. As has been 
indicated, the unmodified rice diet is devoid 
of cholesterol and has a negligible fat con- 
tent, being far more restrictive in these 
respects than any ‘“‘low cholesterol’’ diet 
thus far extensively investigated. Since the 
intake of preformed cholesterol is elimi- 
nated and fat and protein sources of two- 
and three-carbon compounds for endo- 
genous synthesis are reduced to the absolute 
minimum, the rice diet is an important 
research tool in investigation of fundamental 
aspects of endogenous lipid, in particular 
cholesterol, metabolism in man. From the 
clinical point of view, the rice regimen is of 
special interest as an extreme form of dietary 
management of arteriosclerosis, of course a 
major problem in hypertensive vascular 
disease, providing what would appear to 
be optimal conditions for restricting the 
amount of cholesterol available for deposi- 
tion in the walls of the blood vessels. 


In making such studies we were limited perforce 
to indirect measurements, changes in serum 
levels of cholesterol, phospholipids and neutral 
fats as a reflection of the rate of production and 
disposition of the lipids. That this indirect 
approach may nevertheless give significant 
information in relation to the incidence of 
arteriosclerosis in man is indicated by recent 
investigation. It has been established*’—*! that 
the mean serum cholesterol level of patients with 
overt coronary arteriosclerosis is significantly 
higher than that of apparently normal subjects 
of the same age period and that abnormally 
great fluctuations in serum cholesterol, often 
cyclical, are apt to occur. It would appear 
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further that while the rise in serum cholesterol 
is accompanied by an increase in serum phos- 
pholipids, this latter increase often is not com- 
mensurate and when this occurs the cholesterol / 
phospholipid ratio therefore rises.4°*! Although 
more data are needed to establish a correlation, 
such elevated cholesterol/phospholipid ratios 
may be a significant factor in the production of 
arteriosclerosis. 


Kempner‘ reported that in a series of 
hypertensive patients numbering over 500, 
sizable decreases in serum cholesterol were 
observed with the rice diet, larger than 
have been obtained by any other dietary » 
means. In 363 patients whose pre-treatment 
levels exceeded 220 mg. per cent, which 
Kempner apparently considers to be the 
upper limit of normal, the average level 
decreased from 279 to 205 mg. per cent, an 
average decrease of 74 mg. per cent. In 
148 patients whose initial cqncentration of 
serum total cholesterol was below 220 mg. 
per cent, the average level after the rice diet 
was 171 mg. per cent, as compared with 
the pretreatment mean of 186 mg. per cent, 
or an average decrease of 15 mg. per cent. 
Starke** in Kempner’s clinic studied the 
serum cholesterol of 154 patients more in- 
tensively, with similar findings. The aver- 
age total cholesterol level was 272 mg. per 
cent for all the cases. Decreases averaging 
33 mg. per cent were noted in the group 
whose levels before treatment were below 
220 mg. per cent. The hypercholesterolemic 
group showed an average decrease of 80 mg. 
per cent. In comparing these findings with 
our own it is important to note that the 
total cholesterol determinations were made 
by the Bloor method whereas our own data 
are based on the Schoenheimer-Sperry 
method, which gives lower values. 

Control period: ‘Table x1m presents our data 
on serum total cholesterol and cholesterol 
esters as per cent of total cholesterol in forty- 
one patients with essential hypertension for 
the last five-week period of pre-treatment 
hospitalization on a standardized regular 
diet. In eighteen patients the results of 
serum phospholipid determinations are also 
indicated. 
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TABLE XIII 
SERUM CHOLESTEROL AND LIPID PHOSPHORUS DETERMINATIONS IN EIGHTEEN PATIENTS WITH ESSENTIAL 
HYPERTENSION * 
Group A. Cholesterol:Lipid Phosphorus Ratio on Rice Diet below Predicted Value 
Group B. Cholesterol: Lipid Phosphorus Ratio on Rice Diet as Predicted 


Last 5 Weeks 
of Control Period Weight 
Patient | and Change 
Age (kg.) 
Group A: 

C. Ro. | M 49} 202 194) 184, 135) 119) 141 139 162 173 146 157; —1.7 

59% 69% '64%'74% 65% 67% 72% 66% 68% 

8.8) 7.0; 6.5) 9.0 9.0 8.8 10.2 9.2 7 
A. A. M 65 212) 210; 216) 211) 226) 162) 186) 199 229 235 214 —2.3 


66% 61% 65% 
9.1) 8.9)10.1) 9.0)12.0)12.0 12.3 15.3 12.5 
C. La. | M 54 372 376 263) 250) 262 265| 218 —2./ 
74% 73% 67%|65% 
16.0 15.0 13.4/15.0)13.5 14.2/12.0 


F 44 282 292) 278) 303) 221 242 247 
69% 72%|72%|70%|67% 69% 68% 
13.5 11.3)12.7)13.3 12.5 12.9 
A. Mo. | F 40} 214 219 254 160 176 165 172 180 —3.0 
69% 72% 70% 66% 70% 69% 68% 69 
2 9.9 11.0 9.2 10.1 8.8 9.3 9.4 
J. N. F 45 | 234 251 213} 223 212 222 211 239 186 —5.0 
71% 73% 71%\71% 70% 72% 68% 67% 68% 
10.0 9.6 8.9) 9.4 12.0 11.8 12.7 13.3 10.3 
M. Ki. F 54 247, 265 241 233} 159 204 160 209 —1.6 


74%|73% 71% 73%|62% 74% 62% 60% 
11.0)12.1 13.2 10.0/10.6 11.1 10.9 12.8 


M. Su. F 66 | 204 217) 204 238! 230) 233 254) 279 218 231 +0.9 
72%|70%!\71% 70% |69%'63% 61%|60% 59% 65% 
9.8 9.9 9.7 10.8 12.5 12.1|16.3 14.1 12.1 
Group B: 
R. G. M 53 | 221) 282) 319) 343) 314 245) 254 197| 193 168 155 —6.5 
74%|73% 71%|70% 71% 73% 
11.5/11.6 9.6 9.8 8.6 
G. K. M 48 254; 259) 257) 204) 180; 213 204 177 200 192) 171 —4.1 
75% 70% 72% 68 %|70% 
11.5)11.6)11.2| 9.0) 8.2)10.8 8.7 8.9 9.6) 8.9 
m. <3, M 48 | 223 192 218; 162 164 145; 134 —0.2 
73% 71% 72% |68% 68% 68 %/69% 
11.0 10.1 10.1) 8.7 8.5 8.7) 8.2 
T. Mc. | M 46} 290) 312 247| 257 241 213 201 164; 168) 194 —1.8 
72%\71% 68 %|72% 69% 70% 70% 69%|70%|70% 
[2.a12.9 12.0 10.4 9.8 10.2 9.4) 8.6) 9.2 
S. D. M 52 194) 218 190} 196; 175; 179 147 158 183 168 —2.2 
72%|74% 73%|72%|73% 72% 69% 72% 73% 
8.8) 9.6 8.7| 8.6) 7.9) 9.0 6.1 8.2 8.5 8.8 
S. La. M 60 | 300 238 234; 190; 230 —1.4 


72% 70% 71%|72%|\70% 
11.0 10.6 10.1} 8.9) 9.7 


W.H. | M59 256 236 216 176 196 189 189 188) —1.6 
72% 74% 76% 70% 65% 70% 68% 66% 
10.2 8.9 8.0 9.1 9.5 10.8 
P.R. M 60 175 192 154 118 122} 133 
73% 69%|\68% 67%|71% 64% 66%|70% 
8.5 9.6) 9.2 7.6) 8.1 6.9 7.2| 7.0 
J. Co. y Se 155 161 172} 128 142 145 148 —1.6 
70% 72% 71%|73% 70% 73% 
8.0 6.6 7.8 7.6 8.9 
D. K. F 48 | 211 206 227 158 161 170 170 165 —2.7 
72% 71% 72% 69% 70% 74% 71% 73% 
9.6 9.2 10.5 8.0 8.2 7.5 8.5 8.4 


* First row of figures indicates serum total cholesterol in mg. per cent; second row, per cent cholesterol ester of 
total cholesterol; third row, lipid phosphorus in mg. per cent. 
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TABLE XII (Continued) * 
SERUM CHOLESTEROL DETERMINATIONS IN TWENTY THREE ADDITIONAL PATIENTS WITH ESSENTIAL 
HYPERTENSION | 

Group C. Patients in Whom Only Cholesterol Data Were Obtained 
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Last 5 Weeks 
Sex of Control Period Weight 
Patient and Change 
Age (kg.) 
Group C: 
B. P. M 41 307| 251} 280; 260) 217| 243 217 273} 240 —2.8 
76%|70 %\73 %\69%G 67% 64% % 
H. F. M 240) 218) 192) 213} 212) 179} 162) 209) 188) 192) 193) 193) 191} 210) 205) 190) 194, —4.8 
F. H. M 49} 186| 190 177| 142} 163; 156) 150) 146; 150) 140) 136) 155) 136) 133) 142) —5.8 
S. N. M 52} 181} 164; 205) 202; 185 150 149} 135} 131} 112} 138} 121} 117] 113) 122} -—3.0 
70 %|66 %\68 % 67% 67 %|70 %i71% 
G. R. M 54 | 329) 343) 282) 313) 274) 249) 234) 295) 304) 288) 237| 282) 261} 234) 279) —5.1 
S. S. M 45 204 234| 216) 207 177| 178) 170} 181) 164) 156} 179) 167} 154) 133) —1.7 
F.Sm. | M 64; 173) 185} 186) 117; 144; 154) 151) 156) 144 169} 158) 133} 162} 155) +41.0 
74%|75 %|74%\71 G69 %\70% 75 %|73%|70 
P. K. M 59} 202} 213} 220) 224 212} 207 178} 173) 194) 168) 165) 167} 162) —3.5 
73 %|72%'71 %!75%|74% 72%|69% 72%|70%|71 %|70%\71 
C. A. M 58 | 250] 246) 262} 238) 260} 216) 200) 200) 168) 161) 185) 194 187; —3.9 
B. L. M 60 163) 193) 174} 184} 199) 139] 150) 134) 130} 159) 161 172} 157} 157} 167} 155; —2.0 
71 %|73.%|72 %|68 %|70 %|70 % 69 G 
Al. Ma. | M 59 217| 188) 187) 187 230 197| 199} 216) 182} 192} 192; 200; —4.6 
81 %|71 62 %|66% 62 %|64 %|64%\61 %l65% 
S. Lau. | F 26] 195) 192) 177} 218) 173) 171} 134) 129) 189) 182 150 165 156, —4.2 
69 %|72 %|73 %|73 %|69 %|74 %|72 G61 69% 69% 72% 
M. Ba. | F 40} 230} 185] 176) 216) 186) 180) 214) 226) 192 199} 204) 198) 211; 222) +1.5 
70 %|73 %|73 %|\72 %|72 G67 % 69%'70 %\70% 66% 
D. B. F 38 370} 323 340 285} 338) 309) 303 285 —0.4 
74%|77 % 72% 67 %|69 59% 
C. D. F 52 | 216) 252) 229) 228) 205) 168) 204) 214) 219) 201) 205) 181 —2.6 
J. Cl. F 50 | 231] 234) 224 224| 197} 181} 202) 164) 185} 178 202} 196} 193} 187) 173} +1.3 
72 %|73 %|70%G 73 %|68 %|71 %i71% 72 %|70 %|76%|71%\72% 
I. Mu. F 48 | 210) 225) 230) 224) 223 169} 168} 175} 162} 172) 161] 174} 169) 167) 162 —0.9 
70 %|73 %|73 %\71% 70 %|70 %|73 %\67 %\70 % 
H. O. F 221) 224 218) 238) 188} 225) 208) 188) 236) 203) 213 228} 209} 258; +3.9 
M. P. F 46 200} 236) 189 194} 175| 162 153} 187) 152 —0.3 
75 %|75%|70% 72 %|67 %|68 % 68 %|75%\69% 
H. S. F 51} 232 227| 212} 209] 161) 202} 196} 196} 195) 172) 180 192 —2.9 
71% 71 %|73 G%|70 G70 G74 70% 74%|71% 
F. B. F 55 | 245} 239) 237| 256} 250 239| 250} 249 193} 205} 220} —9.6 
69 %|73 %|68 %\69% 68 %|64%|68 % 66 %|\66 % 
E. M. F 70 | 225) 213) 224) 212) 172) 168) 175) 192) 178) 197 178] 175} 180; 202}; 181; —4.9 
M. Be. F 57 | 231) 217) 239 221} 258) 197} 216) 198 
74%|73%|72% 68 %|71 %\74%\73% 


* First row of figures indicates serum total cholesterol in mg. per cent; second row, per cent cholesterol ester of 
total cholesterol. 
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The frequency distribution of serum total 
cholesterol in these forty-one patients who 
subsequently were placed on the rice regi- 
men is shown in Figure 11. It is apparent 
from inspection of the data that patients with 
essential hypertension, for the most part 


10 


3 


CONTROL DIET 


Case Frequency 


RICE DIET 


120 140 160 180 200 220 240 260 280 300 320 340 360 


TOTAL CHOLESTEROL~ MG.% 


Fic. 11. ‘‘Smoothed”’ frequency histogram indi- 
cating distribution of mean total serum cholesterol 
levels in forty-one patients with essential hyper- 
tension on control and rice diets. Arrows N point 
to mean level of 201 mg. per cent observed in 
ninety-three normal individuals. Arrows C and R 
point to average levels in the hypertensive patients 
on control and rice diets, respectively. 


without overt clinical or electrocardiographic 
evidences of coronary arteriosclerosis prior 
to or at the time of examination, frequently 
exhibit an elevated serum cholesterol level. 
The mean for the total cholesterol levels 
(Table xiv) was 231 mg. per cent, a figure 
which lies between the mean of 201 mg. per 
cent for a group of ninety-three normal 
subjects*® and that of 262 mg. per cent for a 
group of sixty patients with a history of 
myocardial infarction.*® Figure 11 indicates 
that thirty-one of these forty-one hyper- 
tensive patients (76 per cent) had serum 
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total cholesterol levels above the normal 
mean. 

Examination of Table xm further reveals 
that many patients with essential hyperten- 
sion also exhibit abnormally large fluctua- 
tions in serum cholesterol over a protracted 


TABLE XIV 
MEAN SERUM CHOLESTEROL CHANGES IN FORTY-ONE 
PATIENTS ON THE RICE DIET 


Mean Cholesterol Levels 
Total Free Ester in 
mg. % | mg. % | mg. % ot 
% 
Control diet...... 231 + 39 65 +5 166 71.9 
Rice diet........ 191 + 36, 60 +5 = 131 68.5 
Chhemme......... — 40 —5 —35 | —3.4 


period of observation; in nearly two-thirds 
of the cases the range between lowest and 
highest value exceeded 50 mg. per cent, as 
observed in persons with overt coronary 
arteriosclerosis. 

The cholesterol ester percentage of total cho- 
lesterol in these forty-one patients was within 
normal limits (Table xm), the mean being 
71.9 per cent. (Table xiv.) This figure 
coincides with that obtained by Starke** 
in hypertensive patients, 72.0 per cent, and 
with the mean level of 72.7 per cent ob- 
tained by us in forty healthy, normotensive 
subjects. The fluctuations noted from week 
to week in our hypertensive patients on the 
control diet (Table xm1) must be ascribed 
in part to incorporation of the combined 
analytic errors of the determinations of free 
and total cholesterol. 

The relationship between serum total cho- 
lesterol and lipid phosphorus during the control 
period was found to be linear. ‘The equation 
for the regression line calculated from the 
data was P = 2.08 + 0.035C in which 
lipid phosphorus (P) and total cholesterol 
(C) are expressed in mg. per cent. This is 
in close agreement with the findings in our 
series of healthy normotensive individuals, 
P = 2.70 + 0.032C, and corresponds with 
the equation found for normal and certain 
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abnormal subjects by Albrink, Man and 
Peters,*® P = 3.3 + 0.032C. 

Data on serum neutral fats were obtained 
in seventeen of our patients with essential 
hypertension in the fasting state. In the 
control period the levels in individual pa- 
tients ranged from 300 to 670 mg. per cent, 
mean 420 mg. per cent, the fluctuations 
from time to time in any one patient often 
being of the order of 100 to 200 mg. per 
cent. It should be noted that analytic errors 
inherent in the method are large. Our 
values are considerably higher than those 
reported in healthy, normotensive sub- 
jects*’ which range from 100 to 300 mg. 
per cent as estimated by the different 
technics employed. Normal levels by our 
own technic are in the range 290 to 440 mg. 
per cent. Little relation was found between 
serum neutral fat and total cholesterol levels 
in our hypertensive patients. 

Rice diet: Table xm presents our data on 
serum total cholesterol and cholesterol esters 
as per cent of total cholesterol in these forty- 
one patients with essential hypertension 
while on the rice diet. In our analysis of 
these data the means of the values obtained 
during the second month on the rice diet 
were compared with the means for the last 
five weeks of the control period. (In Case S. 
La., however, data for the second month on 
the rice diet were lacking and those for the 
first month were used.) In eighteen patients 
the results of serum phospholipid determina- 
tions are also indicated (Table xm, Groups 
A and B). In our analysis of the data on 
phospholipids and neutral fats all determi- 
nations in the control period and all during 
the rice diet period, except the first week, 
were employed to calculate means and 
make comparisons. 

As indicated in Table xiv, there was a 
mean decline of 40 mg. per cent in serum 
total cholesterol content on the rice diet, from 
a pre-treatment mean of 231 + 39 mg. per 
cent to 191 + 36 mg. per cent. Figure 11 
shows the frequency distribution of serum 
total cholesterol levels in these patients be- 
fore and during the rice diet. The incidence 
of serum total cholesterol values within the 
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normal range after the rice diet is clearly 
greater than before. While on the rice diet, 
thirty-five of forty-one patients, or 85 per 
cent, showed levels below the pre-treatment 
mean of the control period, and twenty-six 
patients or 63 per cent of the total showed 
levels below 201 mg. per cent, the mean for 
our group of healthy normotensive subjects. 

Such comparisons of differences in means 
and in frequency distribution, however, 
give an incomplete and somewhat mislead- 
ing picture of the response of the serum 
lipids to the rice diet. As reference to ‘Tables 
xl and xv will show, the individual re- 
sponse to the rice diet was extremely 
variable and quite unpredictable. In agree- 
ment with Starke,** in many cases a rapid 
and appreciable decline in serum total 
cholesterol was apparent in the first week, 
often leveling off before the end of the first 
month. In fact nearly all of the 40 mg. per 
cent mean decrease in serum total cho- 
lesterol observed in the second month on 
the rice diet actually occurred in the first 
or second week on the diet. Thus in the 
twenty-two patients in whom we have 
requisite data the mean serum total cho- 
lesterol level in the first week on the rice 
diet was 29 mg. per cent lower than in the 
last control period week. In thirty per cent 
of the patients the lowered level reached so 
rapidly was sustained throughout the period 
of observation on the rice diet (Fig. 12, 14), 
but in about the same number the values 
rose somewhat again. (Fig. 12, 1s.) In 
about 25 per cent of the patients the decline 
in serum total cholesterol was gradual and 
slowly progressive as long as the patient 
continued on the diet. (Fig. 12, 2.) Fifteen 
per cent of the patients on the rice diet 
failed to show any statistically significant 
decrease in serum total cholesterol, or such 
wide cyclic fluctuations as were noted in the 
control period continued throughout the 
months on the rice diet (Fig. 12, 3), thus 
making interpretation of the effects of the 
diet difficult. In general it can be said that 
the proportion of cases showing abnormally 
great fluctuations, i.e., over a range greater 
than 50 mg. per cent, was somewhat de- 
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creased on the rice diet and the amplitude 
of the fluctuations tended to be smaller. 
(Fig. 12.) 

The response of patients known to have 
had coronary occlusions or strokes was in 
no way distinctly different from that of the 
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however, was only 2.4 kg. and, as indicated 
in Tables 1 and x, relatively few patients lost 
more weight than could be ascribed to 
water diuresis. 

Further analysis of the data in Table xm 
brought out the disturbing fact that most of 


TABLE XV 
CHANGES IN SERUM LIPIDS AND LIVER FUNCTION ON RICE DIET 
Group A. Cholesterol: Lipid Phosphorus Ratio on Rice Diet below Predicted Value 
Group B. Cholesterol: Lipid Phosphorus Ratio on Rice Diet as Predicted 


Serum Lipids Liver Function Tests 
mMols Cholesterol 
Total Lipid Change} mMols Lipid Phosphorus Neutral BSP Th Cephalin Di 
Patient | Sex Cholesterol Phosphorus % Fat % T ewes Flocculation Telorenee 
(mg. %) | (mg. %) | Ester (mg. %) | Retention urbidity | 24 hr.-48 hr. —— 
Fraction) Found Predicted 
on Rice 
Diet 
Con- Rice Con- Rice Con- Rice Con- Rice Con- Rice Con- Rice Con- Rice Con- Rice Con- Rice 
trol trol trol trol trol trol trol trol trol 
Group A: 
C. La. | M | 320 | 250 | 13.3 |13.7| — 7 1.91} 1.5 | 2.0 | 1.8 | 670 | 780 4 12 | 3.7 | 4.4 0-0 Be PTS pero 
C. Ro. | M | 160 | 150 7.9 0 1.6; 1.3} 1.5] 1.5 | 340 | 510 7 0-0 
J. N. F 240 | 210 9.7 12.0) — 4 2.0 | 1.4 | 1.8 | 1.7 | 450 | 780 15 17 | 5.8 \14.5 O-O0 (2+ 2+).....]...... 
M. Su. | F 220 | 240 | 10.1 |13.4) —10 1.8 | 1.4; 1.7 | 1.8 | 370 | 920 2 or 4.8 |18.2 0-0 Sere 
M. Ki. | F 250 | 180 | 11.6 |11.4) — 8 1.7 1.8} 1.6 | 460 | 640 2 17 | 4.0 | 8.7 0-0 0-0 |20/45)53/120 
F 290 | 250 | 12.7 |12.7| — 1 1.8; 1.6 | 1.9 | 1.8 | 520 | 450 13 21 | 5.6! 4.5 0-0 
A. A. M 220 | 210 9.4 —10 1.9} 1.3; 1.7 11.7 | 430 | 900 11 | 1.7 |10.5 0-0 
A. Mo. F 240 | 170 | 10.3 | 9.44 — 2 1.9} 1.5) 1.8} 1.6 | 310 | 460 2 6; 5.9 | 6.6 0-0 0-0 |23/56'28/61 
Means: 240 | 210 | 10.6 |11.8) — 5.3} 1.8 | 1.4 | 1.8 | 1.7 | 440 | 680 
No. with Abnormal Tests: 
2 5 0 5 0 1 
Group B: 
T. Mc. | M | 280 | 200 | 12.7 | 9.6 0 1.8 | 1.7; 1.9] 1.7 | 540 | 390 1 2.7; 2.0; O-0 0-0 |32/66)63/212 
S. La. M | 280 | 210 | 11.2 | 9.3 0 2.0 1.8} 1.9 | 1.7 | 300 | 330 25 15 2.4, 1.6) 0-0 we 
M | 230 | 150 | 10.9 | 8.5| — 4 1.7 | 1.4 1.8 | 1.5 | 430 | 440 4 5 8.7; O-1+/] O-1+).....)...... 
S. D. M | 190 | 170 8.6} 8.1; — 1 1.8 | 1.7 | 1.7 | 1.6 | 320 | 400 2 3 4.2} 3.8) 0-0 ee See, Sen 
W.H. | M 260 200 | 10.8 | + 1 7 13 6.9' 8.4) O-0 0-0 /|22/52'26/96 
D. K. F 220 | 170 9.8 | 8.1 (0 1.8 | 1.7 | 1.7 | 1.6 | 320 | 380 3 7 19 4.0 00 ee of CR Ae 
P.R. M | 170 | 130 8.2 — 4 1.7 | 1.4} 1.6] 1.4 | 340 | 370 3 | 11.4) 7.914 
R. G. M | 290 | 190 | 12.5 | 9.8; + 1 1.9} 1.6; 1.9 | 1.7 | 480 | 440 4 5 6.0! 0-0 Pee 
G. K. M | 240 | 190 | 10.8 | 9.5 0 1.8 | 1.6 | 1.8 | 1.7 | 560 | 490 2 4 1.1; 2.0) 0-0 ee cane 
J. Co. F 160 | 140 7.8 | 7.3) + 1 1.6 | 1.5} 1.5 | 1.4 300 | 440 2 
Means: 230 | 180 | 10.3 | 8.6) — 0.6 1.8} 1.6} 1.8 | 1.6 | 400 | 410 
No. with Abnormal Tests: 
1 | 2 4 4 1 | 1 | pay | cewek 


remaining hypertensive subjects with inde- 
terminate degrees of arteriosclerosis. The 
magnitude of the decrease in serum total 
cholesterol did not correlate with the magni- 
tude of changes in blood pressure on the 
rice diet, with changes in retinopathy, and 
only to a slight degree with weight loss 
(correlation coefficient = 0.3). The average 
weight loss over the period of observation, 


the decline in serum total cholesterol noted 
was due to a sharp decrease in cholesterol 
ester fraction on the rice diet. ‘Thus, as indi- 
cated in Table xiv, of the mean decrease in 
serum total cholesterol of 40 mg. per cent 
on the rice diet, only 5 mg. per cent was in 
the free cholesterol fraction and 35 mg. per 
cent was in the ester fraction, which fell 
from 71.9 to 68.5 per cent of the total cho- 
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lesterol (a mean fall of 3.4 per cent). A 
decline in cholesterol ester per cent of total 
cholesterol was the rule in our patients, the 
greatest change in this fraction observed 
being 10 per cent, but in a few cases the 
percentage remained the same. In general, 
the disproportionate decrease in cholesterol 
esters became apparent in the first week on 
the rice diet but usually became somewhat 
more pronounced as the diet was continued. 


It will be noted in Table xm that consider-— 


able variation in the ratio occurred from 
week to week, part of which, as already 
pointed out, must be ascribed to incorpora- 
tion of combined analytic errors. 

Starke’s data,‘* like our own, indicate 
clearly that, on the average, some 80 to 90 
per cent of the fall in serum total cholesterol 


is due to a drop in cholesterol esters and 


that this ordinarily becomes evident in the 
first weeks on the rice diet. Unlike Starke’s 
experience, however, no distinction in this 
regard could be made out in our relatively 
small group of patients between those who 
showed initial hypercholesterolemia and 
those who did not. 

Analysis of the data in Tables xm1 and xv 
in respect to changes in serum phospholipids 
on the rice diet in the eighteen patients 
studied brings out several additional points 
of interest. The phospholipid levels usually 
fell as the serum total cholesterol declined. 
However, in eight patients (group A, 
Tables xin and xv) the altered serum lipid 
phosphorus level was higher than predicted 
from the equation of Albrink, Man and 
Peters, P = 3.3 + 0.032C, whereas in the 
remaining ten patients (Group B, Tables 
x1 and xv) the change in serum lipid 
phosphorus associated with the change in 
serum total cholesterol closely followed the 
regression equation. The two groups are 
contrasted in Table xv and Figure 13. Like 
the drop in serum total cholesterol and 
cholesterol ester, the differentiation in 
cholesterol/phospholipid ratio between these 
two groups of patients became apparent 
rapidly, generally within the first week on 
the rice diet although in two instances not 


OCTOBER, 1950 


479 


until the patients had been on the diet for 
more than two months. 

A similar division of our patients on the 
rice diet was observed in connection with 
changes in the neutral fat content of the 
serum. Seven of the patients in group A 


io. Control! Diet Rice Diet 


mg. 

16 


Time in Months 


Fic. 12. Types of response of serum total cholesterol 
and cholesterol esters to institution of rice diet in 
representative patients. Dots indicate serum total 
cholesterol in mg. per cent; crosses indicate choles- 
terol esters as per cent of total cholesterol. Type 1a. 
Case 1. Mu. Rapid sustained drop in serum total 
cholesterol after institution of rice diet (30 per cent of 
cases). Type 15. Case Hu. Fr. Transient drop in serum 
total cholesterol with partial or complete restoration 
of control level (30 per cent of cases). Type 2. Case 
Pp. K. Progressive slow decline in serum total choles- 
terol (25 per cent of cases). Type 3. Case m. Ba. No 
significant change on rice diet (15 per cent of cases). 
The percentage of cholesterol esters tends to decrease 
slightly. 


(Table xv) .showed sizable increases in 
neutral fats whereas there was little change 
in the remaining cases. (Fig. 14.) 

The collective data assembled in Table xv 
reveal that these several disturbances in 
serum lipids, i.e., the selective decline in 
serum cholesterol esters, the decreased 
cholesterol/phospholipid ratio and the in- 
crease in serum neutral fats, all tended to be 
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of parallel degree in any one patient on the 
rice diet, suggesting a common causal 
mechanism. ‘The appearance of these phe- 
nomena could not be correlated with any 
prior observations made on the serum lipids 
in the control period or with changes in 
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Fic. 13. Concomitant changes in serum lipid phos- 
phorus and total cholesterol on the rice diet in 
groups A and B (see text). Tail of each arrow 
represents control period level; head of arrow level 
obtaining on rice diet in individual patients. 
Diagonal line represents normal equation of Al- 
brink, Man and Peters:4® P = 3.3 + .932 C. Note 
the higher phospholipid levels on rice diet in 
group A resulting in lower ratios of phospholipid 
to cholesterol. Group B conforms to the normal 
relationship. 


blood pressure, serum electrolytes, serum 
proteins or basal metabolic rate on the rice 
diet. The most obvious implication is that 
impairment of some phases of liver function 
may occur on the rice diet. This interpreta- 
tion appears to be supported by the results 
of the BSP, thymol turbidity, cephalin floc- 
culation and dicumarol tolerance tests in- 
cluded in Table xv. It will be noted that the 
percentage of positive tests, particularly the 
thymol turbidity test, rose on the rice diet 
in the patients constituting group A. Of 
interest in this connection is the report by 
Meyers and Murphy” that there is a 
decided decrease in BSP clearance by the 
liver in hypertensive patients on the rice 
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diet, this decline appearing in the first few 
weeks on the diet and persisting for as long 
as three months. 

To be sure, the indications of liver injury in 
our patients on the rice diet are of such slight 
degree as to be of equivocal significance. More- 
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Fic. 14. Concomitant changes in serum neutral 

fats and total cholesterol on the rice diet in groups 

A and B (see text). Arrows have same significance 

as in Figure 13, except that ordinate now repre- 

sents serum neutral fat in mg. per cent. Distinct 

elevation of neutral fat level occurred in all but one 

patient in group A whereas changes were small in 

group B. 
over, it is possible that the positive thymol 
turbidity tests were evoked by alterations in 
serum lipid components attributable to the diet 
itself without necessarily reflecting liver cell 
damage. It is also possible that the increased 
sensitivity to dicumarol might be due to failure 
of vitamin K absorption on the virtually fat-free 
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rice diet. Furthermore, the rapidity of the fall 
in cholesterol esters and in the cholesterol/ 
phospholipid ratio, usually within the first week 
on the diet, would seem to be inconsistent with 
the development of fatty liver or other deficiency 
states, although such alterations may develop 
in the subsequent course on the diet. The 
rapidity of these changes (which was in contrast 
to the usually slower responses of blood pressure, 
serum electrolytes and nitrogen equilibrium) 
suggests the possibility of deleterious effects 
associated with a rapid reduction in hepatic 
blood flow on the rice diet, analogous to the 
early decline in renal blood flow. However, 
measurements of hepatic blood flow by Myers 
and Murphy*® in hypertensive patients before 
and during the rice diet do not appear to indi- 
cate any significant reduction. 

Supplementation of the rice diet with salt 
both at the beginning of therapy (five cases) 
and after a prolonged period on the strict diet 
(three cases) did not result in any changes in 
serum cholesterol level or cholesterol ester/total 
cholesterol ratio which could be distinguished 
from the effects of the rice diet alone. However, 
addition of vegetable oil in five cases eliminated 
the disproportion between free and esterified 
cholesterol without affecting the total cholesterol 
level, leading to the postulation that a deficiency 
of some substance such as an unsaturated fatty 
acid might be responsible for the lipid dis- 
turbances and altered liver function tests occur- 
ring in the patients of group A. (Table xv.) 
Investigating this possibility, it has been found 
that the feeding of 10 gm. of oleic acid daily to 
two patients of the group A type partially 
eliminated the disproportion between free and 
esterified cholesterol without affecting the level 
of total cholesterol, lowered the neutral fats of 
the serum to the level seen in the control period, 
and reduced the phospholipid level to the extent 
that the cholesterol/phospholipid ratio became 
identical with that predicted from the regression 
equation. Patients of the group B type showed 
no change in serum total cholesterol, cholesterol 
ester/total cholesterol ratio, neutral fats or 
cholesterol/phospholipid ratio when fed the 
unsaturated fatty acid for ten days. 


Reinstitution of the regular diet rapidly 
reversed all of the serum lipid changes ob- 
served on the rice diet. Within a month after 
discontinuance of the rice diet every one of 
the ten patients placed on the regular diet 
had serum levels of cholesterol and cho- 
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lesterol esters similar to those observed 
during the control period. In two of the 
patients whose liver function tests were 
followed, the abnormalities present on the 
rice diet disappeared after several weeks on 
the regular diet. This may be due to 
restoration of hepatic blood flow analogous 
to increase in renal blood flow after rein- 
stitution of a regular diet. 

Miscellaneous Blood Studies. ‘There 
were no significant changes in the concen- 
tration of serum proteins on the rice diet, de- 
spite its low protein content. The mean total 
protein level in the control period was 7.2 
gm. per cent, on the rice diet 7.3 gm. per 
cent; the mean serum albumin value of 
4.6 gm. per cent remained unchanged on 
the rice diet; the mean figure for serum 
globulins in the control period, 2.7 gm. per 
cent, was 2.8 gm. per cent on the rice diet. 
Few individual patients showed appreciable 
changes in serum protein concentrations in 
either direction. However, as already pointed 
out, in view of the contraction of plasma 
volume on the rice diet a variable decrease 
in total circulating proteins occurs. 

In accordance with Kempner’s findings,’ 
serum urea nitrogen and non-protein nitrogen 
levels uniformly decreased on the rice diet. 
Our mean figures for srrum NPN and urea 
N in the control period were 40 and 20 mg. 
per cent, respectively; on the rice diet these 
levels fell to 31 and 9 mg. per cent, re- 
spectively. The largest declines observed 
were in the fourteen patients with azotemia 
in excess of the average level. These falls 
reflect the low nitrogen intake on the rice 
diet and not improved renal function since, 
as subsequently pointed out, they occurred 
in the face of diminished glomerular 
filtration rate and renal plasma flow. 

Fasting blood sugar levels were unaffected 
by the high-carbohydrate rice diet, with 
one significant exception, Case Mu. C., 
an overt diabetic whose fasting blood sugar 
level fell from 220 to 110 mg. per cent on 
the rice diet despite discontinuance of 
insulin. A similar interesting indication of 
increased carbohydrate tolerance on the 
rice diet was noted in the results of glucose 
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tolerance tests. Of the twenty-nine patients 
adequately studied in this regard, about 
half gave glucose tolerance curves on the 
rice diet which were essentially the same as 
in the control period; in the remaining 
patients peak glucose levels on the rice diet 
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despite appreciable chronic blood loss asso- 
ciated with weekly bleedings for the various 
blood studies. It should be noted that the 
rice diet, estimated to provide 11.3 mg. iron 
daily if prunes and apricots are consumed 
regularly,°! is supplemented daily with 


were lower than in the control period, the 0.2 gm. ferrous sulfate. 


TABLE XVI 
INFLUENCE OF THE RICE DIET ON DISCRETE RENAL FUNCTIONS IN SEVENTEEN PATIENTS 
WITH HYPERTENSION 
(Figures Corrected to 1.73 M?* Body Surface Area) 


Glomerular Filtration Renal Plasma Filtration F , T ? 
Rate (ml. /min.) Flow (ml. /min.) ation Fraction (TmpaH mg./min.) 
Duration 
Surface Rice 
Patient Area* 
oe (wk.) — Rice | Change poor Rice | Change —— Rice | Change pene Rice | Change 
nee Period) Per cent trol Period) Per cent ans Period; Per cent trot Period; Per cent 
Period Period Period Period 
Males 
H. Col. 1.87 13T 103 89 —13.9 371 367 | — 1.1 | 0.28 | 0.24 | —14.3 | 81.2 | 62.7 | —22.8 
R. G. 1.59 5 42 32 —23.8 118 90 | —23.7 | 0.36 | 0.35 | — 2.8 | 33.3 | 13.2 | —60.4 
C. H. ta 6 86 83 — 3.5 336 365 | + 8.6 | 0.26 | 0.23 | —11.6 | 70.4 | 57.8 | —17.9 
P. K. 1.87 9 85 68 — 20.0 350 290 | —17.2 | 0.24 | 0.23 | — 4.2 | 60.1 | 48.3 | —19.7 
=. L.. :.73 12 91 47 —48.4 246 182 | —26.0 | 0.37 | 0.26 | —29.7 | 37.9 | 40.9 | + 7.9 
B. P. 1.78 7 115 78 — 32.2 298 236 | —26.3 | 0.38 | 0.33 | —13.2 | 71.3 | 71.1 | — 0.3 
G. R. 1.75 10 47 31 — 34.0 106 97 | — 8.5 | 0.45 | 0.32 | —28.9 | 22.0 | 20.7} — 5.9 
C. Ro. 1.71 16 63 39 — 38.0 243 153 | —37.0 | 0.26 | 0.25 | — 3.8 | 42.5 | 27.7 | —34.8 
F. Sm. 1.83 11 61 56 — 8.2 216 225 | + 4.2 | 0.29 | 0.25 | —13.8 | 47.3 | 32.3 | —31.7 
Females 
M. Ba. 1.64 11 103 77 —25.2 329 301 | — 8.5 | 0.31 | 0.26 | —16.1 | 69.9 | 53.4 | —23.6 
M. Be. :.55 6 106 80 — 24.5 460 414 | —10.0 | 0.23 | 0.19 | —17.4 | 90.6 | 58.0 | —36.0 
J. Cl. 1.33 4 80 70 —12.5 274 331 | +20.8 | 0.29 | 0.21 | —27.6 
Ma. C. 1.73 9T 88 39 —55.7 221 155 | —29.8 | 0.40 | 0.25 | —37.4 
M. Kn. 1.86 6T 105 80 — 24.8 340 334 | — 1.7} 0.31 | 0.24 | —22.6 | 61.1 | 48.7 | —20.3 
E. M. :.57 9 77 54 —29.8 166 152; — 8.5 | 0.46 | 0.36 | —21.8 
H. S. 1.69 6 120 | 110 — 8.3 434 462 | + 6.5 | 0.27 | 0.24 | —11.1 
M. Su. 1.73 6 55 35 — 36.3 174 135 | —22.4 | 0.32 | 0.26 | —18.8 | 38.6 | 36.5} — 5.4 
Means 8.6 84 63 —25.8 275 252 | —10.6 | 0.32 | 0.26 | —17.4 | 55.9 | 43.9 | —20.8 
Normal Means} 
Males st + 2t.5 697 + 135.9 0.19 + 0.02 Ca. 76. 
Females S37 & 83.46 594 + 102.4 0.20 + 00.3 Ca. 76. 


* Differences in surface area in control and rice diet periods not significant. 


+ Supplemented with 50 gm. Lonalac daily. 
¢ From Govprina, W. and Cuasis, H. Hypertension and Hypertensive Disease. New York, 1944. The Commonwealth Fund. 


Renal Function Studies. Patients with 
essential hypertension, even in early stages 
of the disorder and in the absence of any 


decline more rapid; and in five patients 
with distinctly diabetic-type response to the 
glucose tolerance tests, all (including Case 


Mu. C.) reverted toward normal on the 
rice diet. These results conform with Kemp- 
ner’s report® that diabetics tolerate the rice 
diet unexpectedly well, often with reduction 
of insulin requirements. 

With regard to effects of the rice diet on 
the formed elements of the blood, repeated blood 
counts revealed no appreciable change in 
hemoglobin, hematocrit, erythrocytes or 
total or differential leukocyte count in the 
rice diet period as compared with the con- 
trol period. Blood levels were maintained 


overt indication of renal damage or cardiac 
failure, frequently show significant reduc- 
tion in maximal tubular excretory capacity, 
decrease in effective renal blood flow, more 
or less diminution of glomerular filtration 
rate and elevation of the filtration fraction. 
As Chasis et al.?? and Weston et al.®? have 
demonstrated, these disturbances are, in 
general, aggravated by the rice diet, par- 
ticularly in regard to the glomerular filtra- 
tion rate which was found to be decreased 
further by 25 to 40 per cent or more in most 
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cases. Further reduction in renal plasma 
flow was less consistently observed, the high 
filtration fraction consequently decreasing. 
Tubular transport capacity (Tm) for para- 
aminohippurate fell in somewhat more than 
half the cases. The rate at which these 
changes occurred was not clearly estab- 
lished but they seemed to be present two or 
more weeks after institution of the rice diet. 
Our own observations are in accord with 
these findings. 

Control period: ‘Vable xvi presents our data 
on glomerular filtration rate (inulin clear- 
ance), renal plasma flow (PAH clearance) 
filtration fraction and Tmpag in seventeen 
patients during the control and subsequent 
rice diet periods. In the control period renal 
plasma flow was found to be depressed in 
all subjects (mean: 275 ml./min.). Glomer- 
ular filtration rate and PAH transport 
capacity were below normal in most in- 
stances (means: 84 ml./min. and 56 mg./ 
min., respectively). The filtration fraction 
was elevated in every instance, the highest 
being 0.46, the mean 0.32. 

Rice diet: On the rice diet (Table xvi) the 
glomerular filtration rate was found to be 
further depressed in all cases although in 
three instances the change was very small. 
The mean decrease was 26 per cent of the 
control level. In seven patients the reduc- 
tion in renal plasma flow was greater than 
10 per cent of the control value, in one 
there was an increase of 21 per cent, the re- 
mainder showed changes within the range 
of +10 per cent. The mean decline was 
10.6 per cent of the control level, which is 
of borderline significance (D. F. 16, t = 
2.8, P = .014). The disproportionate de- 
crease in glomerular filtration rate resulted 
in a fall in filtration fraction in all cases, the 
mean dropping from 0.32 to 0.26. Para- 
aminohippurate transport capacity was 
significantly decreased in nine of the thirteen 
patients studied, being essentially unchanged 
in the remaining four patients. 

The alterations in renal hemodynamics 
as measured by these tests were not signifi- 
cantly correlated with changes in diastolic 
blood pressure or serum sodium level oc- 
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curring on the rice diet. The largest de- 
creases in filtration fraction, however, were 
observed in patients B. L., G. R., Ma. C., 
E. M. and J. Cl. who were in fairly severe 
congestive heart failure in the control period 
and recompensated on the rice diet. As 
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Fic. 15. Scatter graph of relationship between 
decreases in renal filtration fraction and in plasma 
volume in welve patients with essential hyper- 
tension following rice diet. The four points at 
upper right represent patients B. L., G. R., E. M. and 
j. cl. who had cardiac failure during control period 
which was controlled on rice diet. 


indicated in Table 1x these patients also had 
relatively large plasma volumes during the 
control period. Figure 15 indicates the 
distribution of concomitant changes in 
plasma volume and filtration fraction, the 
four points at the upper right representing 
the patients with initial cardiac failure 
(plasma volume data not available in Case 
Ma. C.). There was no correlation of plasma 
volume changes with alterations in glomeru- 
lar filtration rate or renal plasma flow alone. 

In three patients who had shown charac- 
teristic renal function responses to the rice 
diet (Cases P. K., F. Sm., M. Be.) 3.0 gm. 
sodium chloride was added daily to the 
otherwise unmodified rice diet for three, 
five and six weeks, respectively, and the 
tests then repeated. I'wo of these patients 
(Cases P. K. and F. Sm.) showed further 
reductions in glomerular filtration rate 
(—8 per cent and —22 per cent, respec-. 
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tively) and renal plasma flow (—5 per cent 
and —30 per cent, respectively) with no 
significant change in ‘Tmpaq; in the third 
patient (M. Be.) there was a moderate in- 
crease toward control levels in all categories. 
Three of the patients included in Table xvi 
(Cases H. Col., Ma. C., M. Kn.) were re- 
ceiving a low-sodium protein supplement to 
the rice diet in the form of 10 gm. protein as 
lonalac® and their responses are indistin- 
guishable from the rest. In two patients who 
had shown typical reductions in renal hemo- 
dynamic responses to the unmodified rice 
regimen (Cases C. Ro. and M. Su.) subse- 
quent addition to the rice diet of 10.5 gm. 
protein in the form of lonalac® for four and 
seven weeks, respectively, resulted in no 
change in the renal function measurements 
in one instance and insignificant further 
depression of values in the other; a similar 
experiment in Case C. Ro. with daily addi- 
tion of 26 gm. protein as lonalac® for five 
weeks resulted in an insignificant rise in 
glomerular filtration rate and renal plasma 
flow and no change in filtration fraction or 
Tmpas- In contrast, two patients (Cases 
P. K., M. Su.) who had shown charac- 
teristic reductions in all measured renal 
function tests on the rice diet showed return 
to approximately control levels in_ all 
categories when the measurements were 
repeated five and eight weeks, respectively, 
following resumption of a regular diet. 
Weston et al.°? found that glomerular 
filtration rate was significantly decreased 
(when recalculated as percentage change) 
by a diet containing 0.5 to 0.8 gm. sodium 
and 65 gm. protein per day. Renal plasma 
flow and tubular transport capacity for 
PAH were not consistently affected. Subse- 
quently on the rice diet further depression 
of glomerular filtration rate and a drop in 
renal plasma flow and ‘Tmpag occurred. In 
an acute experiment it was shown that 
infusion of an isotonic solution of human 
serum albumin was followed by a striking 
increase in plasma volume and renal plasma 
flow but relatively little change in glomer- 
ular filtration rate. Chasis et al.”° found 
that daily addition of 30 gm. sodium 


chloride to the rice diet resulted in a rise in 
glomerular filtration rate to approximately 
control levels. Since there were inconstant 
small increases in renal plasma flow, the 
filtration fraction rose in every instance. 
PAH transport capacity was unaffected by 
the salt addition. Both Weston et al. and 
Chasis et al. noted return toward control 
levels of all renal functions measured after 
their patients resumed a regular diet. 

The available data seem to imply that 
changes in renal plasma flow, glomerular 
filtration rate and filtration fraction in pa- 
tients on the rice diet are associated only in 
part with changes in plasma volume. Failure 
of added sodium to affect tubular transfer 
capacity for PAH also suggests some other 
deficiency in the rice diet as the factor 
responsible. Addition to the rice diet of 
sodium chloride alone in amounts that are 
small but sufficient in most instances to 
cause a significant rise in blood pressure 
will not restore the renal hemodynamics to 
control figures, although very large salt sup- 
plements will do so. Addition of salt-free 
protein alone in amounts sufficient to con- 
stitute fairly adequate protein intake also 
has little effect. On the other hand, institu- 
tion of a regular diet restores the measured 
renal functions to their control levels within 
a few weeks. 

As Kempner* points out, blood urea 
nitrogen levels fall on the rice diet—in his 
series from a mean of 14.1 mg. per cent to 
7.8 mg. per cent, in ours from a mean of 20 
mg. per cent to 9 mg. per cent. This is ac- 
complished in the face of diminished urea 
clearance on the rice diet and reflects the 
very low nitrogen intake, not improved 
renal function. Kempner? also points out 
that the low-protein, high-carbohydrate 
content of the rice diet, which is associated 
with decreased intake of phosphorus and 
sulfur, would tend to minimize acidosis due 
to retention of phosphate and sulfate in 
patients with severe kidney damage. In 
such patients, however, the unmodified rice 
diet imposes the hazard of sodium depletion 
through salt loss in the urine. The high 
potassium content of the rice-fruit diet is 
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another consideration to be taken into 
account under these circumstances. 

The depression of renal hemodynamics 
produced by the rice diet must be regarded 
as an unfavorable even if reversible effect. 
It is not possible from the available data to 
determine what deleterious results may 
accrue to the patient or to the disease 
process. There were no indications in this 
study of tangible adverse effects on the 
kidney as revealed by the usual urine and 
blood examinations. 

Nitrogen Balance Studies. One of the 
most startling and controversial claims made 
by Kempner? is that nitrogen equilibrium 
may be attained on the low protein intake of 
the rice diet, at least after a prolonged 
period of metabolic adjustment and stabi- 
lization. This claim was originally based on 
the extremely low daily urinary nitrogen 
excretion, which after two months of rice 
diet Kempner? found to average 2.26 gm.; 
and an assumed daily fecal nitrogen output 
of 0.9 gm. (the daily fecal nitrogen loss in 
starving man after stabilization), an as- 
sumption which ignores the disproportion- 
ately high nitrogen content of the bulky 
stools in cereal-rich diets.°* Peschel and 
Peschel,°* working in Kempner’s clinic, 
subsequently presented more convincing 
evidence in support of this claim by their 
nitrogen balance studies in eleven hyper- 
tensive patients who had been on the rice 
diet for a mean of eighty-nine days. On a 
mean daily nitrogen intake of 4.37 gm., 
the mean total nitrogen output was found 
to be 4.12 gm., of which 2.57 gm. appeared 
in the urine and 1.55 gm. in the stools, for a 
mean net positive balance of 0.25 gm. 
nitrogen per day. Of twelve balance studies 
made in eleven patients, in five the balance 
was slightly negative, in seven it was slightly 
positive. 

Schwartz and Merlis®® fed a rice diet 
providing only 2.63 gm. nitrogen per day 
to six normotensive patients for eight days 
(after four days on a nitrogen depletion 
diet) and noted an average daily negative 
nitrogen balance of 3.22 gm. One hyper- 
tensive patient studied after ninety days on 
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a rice diet still showed a negative nitrogen 
balance of 2.67 gm. per day. Currens et al.°® 
reported a negative nitrogen balance of 
5 gm. per day during the first week on the 
rice diet in one hypertensive patient and a — 
daily negative balance of 1 gm. in a second 
patient after three months on the rice diet. 


TABLE XVII 
NITROGEN BALANCE DATA IN EIGHT PATIENTS WITH 
ESSENTIAL HYPERTENSION ON THE RICE DIET 
FOR VARYING PERIODS 


Nitrogen Gm. /Day 

Weight 
Patient , Uri- Change 
Rice Fecal | Total (k Y 

Diet | Intake rad Out- | Out- | Balance g- 

put | Put | put 

G.R 1 4.12 | 6.20 | 2.09 | 8.29 | —4.17 —1.5 
2 5.14 | 4.54 | 2.34 | 6.88 | —1.74 —0.6 
3 5.45 | 4.94 | 1.68 | 6.62 | —1.17 —0.8 
4 4.92 | 4.45 | 1.94 | 6.39 | —1.47 —0.3 
D. B 3 4.69 | 3.47 | 1.24 | 4.71 | —0.02 —0.9 
4 4.78 | 3.07 | 1.12 | 4.19 | +0.59 0.0 
C. A. 5 4.12 | 4.00 | 2.06 | 6.06 | —1.94 —0.2 
6 5.14 | 3.83 | 1.89 | 5.72 | —0.58 0.0 
7 5.45 | 4.35 | 2.03 | 6.38 | —0.93 +0.1 
8 4.92 | 3.69 | 1.99 | 5.68 | —0.76 0.0 
R. C. 4 4.89 | 2.99 | 0.99 | 3.98 | +0.91 —0.4 
5 4.90 | 2.63 | 1.46 | 4.09 | +0.81 +0.3 
12 4.88 | 2.37 | 1.66 | 4.03 | +0.85 +0.3 
A. A. 7 5.25 | 2.60 | 2.12 | 4.72 | +0.53 —0.3 
8 5.08 | 2.49 | 1.80 | 4.29 | +0.79 0.0 
F.H 16 4.44 | 2.87 | 1.63 | 4.50 | —0.06 0.0 
17 4.18 | 3.19 | 1.45 | 4.64 | —0.46 0.3 
S.N. 16 4.31 | 2.62 | 2.33 | 4.95 | —0.64 —0.9 
17 4.18 | 2.58 | 1.96 | 4.54 | —0.36 —0.2 
F. Sm. 13 4.94 | 3.12 | 2.37 | 5.49 | —0.55 —1.2 
14 5.14 | 2.98 | 1.89 | 4.87 | +0.27 0.0 
35 4.90 | 2.03 | 1.89 | 3.92 | +0.98 —0.6 


Our own studies confirm the rapid decline 
of urinary nitrogen excretion in the initial 
weeks of the rice diet, as illustrated by the 
results in Case W. H. (Fig. 10.) On a mean 
daily nitrogen intake of 4.9 gm. the urinary 
nitrogen excretion fell from about 12 gm. to 
5 gm. per day in the first three days and 
thereafter gradually diminished to levels of 
about 4 gm. per day by the end of the third 
rice diet week. The rate of decrease in 
urinary nitrogen and the equilibrium levels 
reached varied from patient to patient but, 
as shown in Table xvu, daily urinary out- 
puts of 2 to 3 gm. nitrogen were the rule 
after the first month or two on the rice diet. 
Figure 10 also illustrates the moderate de- 
cline in urinary total creatinine output, 
from 1,300 to 1,100 mg. per day. Urinary 
uric acid excretion fell promptly on the rice 
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diet from control period levels of 600 to 
700 mg. per day to 400 to 500 mg. per day. 
Uric acid/creatinine ratios dropped from 
control period values of about 0.50 to 0.40. 

The results of nitrogen balance studies in 
eight patients after varying periods of time 
on the rice diet are summarized in Table 
xvi. Case G. R. illustrates the markedly 
negative nitrogen balance invariably present 
in the initial weeks. As the diet is continued 
the negative balance becomes less marked. 
In some instances virtual equilibrium ap- 
parently is reached, in others nitrogen losses 
of greater or lesser degree continue in- 
definitely, in some instances slightly positive 
balance seems to be achieved. Much de- 
pends upon whether or not the patient 
continues to consume the full quota of rice, 
which in routine management often is not 
the case. An important additional factor 
is the frequency and bulk of the stools, 
which contain a disproportionately large 
fraction of the total nitrogen excretion. 

In these nitrogen balance studies no 
allowance has been made for the require- 
ments of ‘‘adult growth” and for dermal 
nitrogen losses, which Mitchell and Hamil- 
ton®’ estimate to be about 0.4 gm. daily 
under non-sweating conditions but may be 
less on the low nitrogen intake of the rice 
diet. When these requirements are taken 
into account, it is unlikely that true nitrogen 
equilibrium often is achieved on the un- 
modified rice regimen even under the most 
favorable circumstances. The nitrogen loss 
under optimal conditions is small however 
in relation, for example, to losses regularly 
incurred in fever and debilitating illness and 
should not be regarded as a major deterrent 
to the rice diet. This holds particularly, of 
course, if the body weight is maintained at a 
reasonably constant level, even if this may 
be due in part to replacement of lean body 
mass by fat. Nevertheless, the rice diet 
should be supplemented sooner or later with 
sources of low-salt protein other than rice. 
We have found that daily addition of 
lonalac® in quantities equivalent to 1.6 gm. 
nitrogen is sufficient to produce unequivo- 
cally positive nitrogen balance in most 
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instances and that this addition to the rice 
diet does not vitiate its effectiveness. More 
work along these lines is in progress. 


COMMENTS 


Stgnificance of Effects of Rice Diet on Hyper- 
tension. [here has been some tendency in 
recent years to minimize the significance 


_ of elevated blood pressure in essential hyper- 


tension as only one manifestation of a com- 
plex syndrome and a manifestation of per- 
haps lesser clinical significance. This is 
justifiable conservatism and a healthy reac- 
tion to indiscriminate overemphasis of blood 
pressure levels, disregard of the errors of 


indirect measurement,**® inappreciation of 


the large range of spontaneous varia- 
tion,!”°*® neglect of the importance of the 
rate of progression of the hypertensive 
state®! and uncertainties as to the boundary 
between normotensive and_ hypertensive 
levels.°? Nevertheless, indirect measure- 
ment, if properly performed, roughly ap- 
proximates the results of direct intra-arterial 
recording,®*** and blood pressure readings 
can be made under basal conditions in a 
controlled environment and over a pro- 
longed period of stabilization. These quali- 
fications appear to have been met in the 
present study and it would seem valid to 
conclude that the fall in basal blood pressure 
observed in many of our patients on the rice 
diet was greater and more consistent than 
could justifiably be ascribed to spontaneous 
variation, effects of hospitalization per se, 
suggestion or psychotherapy. We therefore 
concur in Kempner’s opinion that the rice 
regimen, if followed with sufficient attention 
to detail, specifically reduces the blood 
pressure in a significant proportion of 
patients with severe essential hypertension. 

It would appear that the effects of the 
rice diet in respect to hypertension exceed 
those hitherto obtained, under controlled 
conditions at any rate, in the treatment of 
severe essential hypertension by any method 
short of sympathectomy. So far as now 
ascertained the response in blood pressure 
is due chiefly to the very low sodium con- 
tent of the rice diet. Rigid restriction of 
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sodium, as advocated particularly by Allen 
and Kempner, would therefore seem to be 
an important principle in the dietary 
management of at least the comparatively 
small proportion of patients with essential 
hypertension who require more than re- 
assurance, rest, weight reduction, sedation 
or rudimentary psychotherapy. 

It is quite clear, however, that the 
critical tolerance level of sodium intake, 
with respect to effects on blood pressure in 
essential hypertension, is extremely low in 
patients in the advanced stages of the dis- 
order, of a much lower order of magnitude 
than is effective in most patients with con- 
gestive failure due to other causes. In fact, 
it is so low that it has not vet been con- 
vincingly demonstrated that effective die- 
tary sodium levels can be achieved by diets 
other than the rice diet or equivalent ex- 
tremely restricted regimens. Such diets, 
however, can be maintained sufficiently 
free of sodium only with great difficulty even 
in hospitals with special facilities; and, of 
course, with even greater difficulty in 
clinics and in the home, particularly if 
patients must depend in part upon casual 
restaurant preparation of food. Needless 
to say, the stringent dietary restrictions 
impose such great hardships upon the pa- 
tients that only a minority can sustain a 
sufficiently low-sodium intake long enough 
to obtain persistently salutary effects. With 
resumption of a normal diet, or of the usual 
‘“‘low salt’? diets, blood pressure levels 
rapidly return to pretreatment levels. 


These limitations of rice diet therapy are 
exemplified by our own experience with recur- 
rence of hypertensive levels upon resumption of 
a regular diet or a more diversified low-sodium 
diet in the hospital or after discharge for con- 
tinued regulation in the home. While still in the 
hospital thirteen of the fifty patients reported 
upon here, after terminating their period on the 
strict or modified rice diet, resumed the regular 
control period diet. In ten the blood pressure 
rose appreciably. The rate of increase varied 
considerably, in some cases the new level being 
reached in the first or second week after the diet 
change while in others there was a slowly 
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progressive increase of blood pressure over a 
period of several months. In three patients no 
significant rise in blood pressure occurred over 
the protracted period of hospitalization. The 
mean basal blood pressure, which was 157/92 
for the thirteen cases at the end of the rice diet 
period, rose after varying periods on the regular 
diet to 189/106, a change of +32/+14 mm. 
Hg. It is interesting to note that the mean basal 
blood pressure at the end of the initial control 
period for these patients was 188/110 mm. Hg, 

In most other respects also there was a return 
to the status existing in the control period. The 
clinical findings and symptoms of nine patients, 
however, remained essentially unchanged for 
many months after return to a regular diet. 
Two patients became worse, one with progres- 
sive cardiac decompensation, the other entering 
the malignant stage of hypertension. ‘Two pa- 
tients died in the hospital, one of cerebral 
vascular accident, the other in uremia. In 
general, while the symptomatic benefits of the 
rice diet may persist, objective evidences of 
improvement more or less rapidly revert to the 
pretreatment status upon resumption of a 
regular diet. 

Thirty-two ‘patients have been followed in an 
outpatient clinic established for this purpose, 
after discharge from the hospital upon com- 
pletion of the rice diet period. In general an 
attempt was made to keep the patients on the 
rice diet, appropriately modified, as long as pos- 
sible. When this proved no longer feasible a 
low-sodium regimen of the conventional type, 
or in some cases a regular diet, was instituted. 
Observations made over a follow-up period 
ranging from a few weeks to twenty months, 
mean duration about one year, are available. 

At the time of analysis one-half of the group 
was on a modified rice diet, with varying degrees 
of adherence (excessive cheating excluded), and 
one-half was on low-sodium or regular diets for 
the greater part or all of the follow-up period. 
Of the sixteen patients on the modified rice diet 
fourteen had blood pressure levels appreciably 
higher than at the end of hospitalization; in 
two cases the blood pressure remained essentially 
unchanged. The average blood pressure at the 
end of the follow-up period was 204/122, as 
compared with 171/89 before discharge from 
the hospital, an increase of +33/+33. Ten 
patients had no change in symptoms or clinical 
condition since discharge from the hospital, most 
of them being relatively well. Three patients had 
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noted recurrence of symptoms of congestive 
failure or headaches. Three patients died, one 
of bleeding peptic ulcer, one an accidental death, 
the third of unknown causes. 

All but one of the sixteen patients on low- 
sodium and regular diets showed an appreciable 
rise in blood pressure after discharge. The 
average final blood pressure was 210/123, an 
increase of +42/+28 above 168/95, the basal 
blood pressure in the last week of hospitaliza- 
tion. In this group the clinical condition of six 
patients remained unchanged; eight patients 
became worse, developing headaches or con- 
gestive failure or angina; two patients died, one 
of presumed myocardial infarction, the other of 
unknown causes. 

The following tabulation summarizes the 
results of our follow-up observations to date, 
representing periods of one to twenty months 
(mean about one year) since termination of the 
rice diet period on this Service: 


Home on modified rice diets.................... 16 
Recurrence of hypertensive levels........... 14 
Persistence of lowered blood pressure........ 2 
Recurrence of symptoms................... 3 
No recurrence of important symptoms....... 10 
Home on low-sodium or regular diets............ 16 
Recurrence of hypertensive levels........... 15 
Persistence of lowered blood pressure........ 1 
Recurrence of symptoms................... 8 
No recurrence of important symptoms....... 6 
In hospital or recently discharged. ............... 6 
Cerebrovascular accident (Cases S. D., Y. R.*) 2 
Uremia (Cases T. Mc.,* G. K.)............ 2 

Presumed myocardial infarction (Case An. 

Accidental causes (Case H. Col.)........... 1 

Unknown causes (Cases H. O., G. R.)....... 2 


* These two patients, previously discussed, died while 
on the unmodified rice diet in the hospital. 


It will be noted that the final blood pressures 
in the groups on the rice and less restricted diets, 
204/122 and 210/123, respectively, are similar 
to the mean initial acceptance blood pressure of 
227/132 for the entire group of fifty cases. Of 
course a large part of the increase over final 
hospital blood pressures may be ascribed to the 
non-basal conditions in the clinic, although 
familiarity with the physicians was a constant 
factor. It would appear that little or no decrease 
in blood pressure was sustained more than a few 
weeks beyond the end of hospitalization regard- 
less of the diet subsequently employed. The 
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smaller incidence of recurrence of symptoms in 
the group on modified rice diets may be entirely 
attributable to the fact that this group consisted 
of the more cooperative and intelligent patients 
or those better situated for preparation of a 
special diet. 


This experience, like that of many others, 
leads us to believe that while the Kempner 
rice regimen has an important place in the 
treatment of severe essential hypertension, 
in its present form it is not a practical means 
of sustained management in most cases. 
To be sure, our patients fall for the most 
part in the less favored economic group 
often without adequate home facilities for 
preparation of the rice diet and dependent 
for subsistence upon restaurant meals. 
Kempner has demonstrated that under 
more favorable conditions the rice regimen, 
ultimately liberalized somewhat within in- 
dividual tolerances, can be maintained 
effectively for several years, with persistent 
lowering of blood pressure and amelioration 
of complications in a sizable number of 
patients. But what proportion of his pa- 
tients who initiate the rice regimen are able 
to maintain it long enough to lengthen 
substantially the life span of patients in 
advanced stages of essential hypertension 
has not yet been made clear and the 
follow-up period is still comparatively short. 
It seems evident that the Kempner rice 
regimen is more than merely palliative but 
appraisal of the long-term effects is not yet 
possible with the critique afforded, for ex- 
ample, by the reports of five-year follow-up 
studies of the response to sympathectomy. 

It is probable that the unmodified 
Kempner rice regimen is_ unnecessarily 
restrictive in some respects, as suggested by 
the efficacy of certain modifications; how- 
ever, additions to the diet, such as thor- 
oughly boiled meats, incur the risk of 
exceeding the critical tolerance level of the 
hypertensive patient for sodium. It is also 
quite possible that in some patients with 
essential hypertension, especially those in 
earlier phases of the disorder, the critical 
level of sodium intake is higher, within the 
range of various well rounded and palatable 
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diets alleged to have sodium chloride con- 
tents less than 1.0 gm. It has not been satis- 
factorily demonstrated as yet that the 
lowering of blood pressure obtained with 
such diets is greater and more frequent than 
can be ascribed to spontaneous variation, 
restricted activity, loss of weight, reassur- 
ance and psychotherapy. 

The effects of rigid salt restriction upon 
hypertension are of the greatest interest 
from the point of view of the pathogenesis 
of essential hypertension. It is improbable 
that the rice diet strikes at the primary 
causes of essential hypertension; more 
likely secondary pathways are interrupted 
but the mechanisms affected are still wholly 
obscure. That the effects may be mediated 
through the adrenal glands is an attractive 
hypothesis but one as yet based very largely 
on speculation. 

Significance of Effects of the Rice Diet in 
Relation to Relief of Congestive Failure. It is 
pertinent to inquire whether the benefits 
derived from the rice diet are not largely 
due to relief of the manifestations of cardiac 
failure, this being achieved by unnecessarily 
onerous and restrictive measures when more 
conventional therapy, imposing less hard- 
ship upon the patient, might give equiva- 
lent results. ‘There can be little question 
that a large component of the improvement 
observed in many advanced cases of essen- 
tial hypertension, particularly those with 
frank congestive failure, is attributable to 
recompensation on the rice diet. This is 
apparent in the early relief of symptoms and 
signs of overt heart failure, the frequently 
impressive diuresis and weight loss in the 
first week of the rice regimen and the de- 
creased venous pressure and circulation 
time. It has already been indicated that the 
reduction in heart size which may occur in 
the early weeks of the rice diet is associated 
in our experience with diminished plasma 
volume and is construed as chiefly a mani- 
festation of recompensation with decreased 
cardiac dilatation. Not infrequently in our 
experience recompensation occurred on the 
rice diet in patients who had shown only 
tolerable response to digitalis, mercurial 
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diuretics and ordinary low salt diets for 
years elsewhere and during the weeks or 
months on the control period on this 
Service. It would appear that while most 
patients with hypertensive congestive fail- 
ure regain compensation with the modest 
restriction of sodium imposed by the usual 


-low-sodium diets as ordinarily dispensed, 


for optimal results some require the ex- 
tremely low sodium intake possible only 
with the rice regimen or similar drastically 
restrictive diets. 

There is every indication, however, that 
the effects of the rice diet cannot be ascribed 
solely to relief of congestive failure. Fall in 
blood pressure is not a characteristic of 
cardiac recompensation which ordinarily 
is followed by some rise in blood pressure 
levels if there is any change at all. The 
striking improvement in retinopathy, insofar 
as it can be taken to reflect general regres- 
sion of the small artery changes associated 
with hypertension, is not the usual accom- 
paniment. of relief of congestive failure. 
The same may be said of many of the other 
responses to the rice diet described by 
Kempner and corroborated in this study. 

Significance of Effects of Rice Diet on Serum 
Lipids in Relation to Artertosclerosis. It has 
already been pointed out that the metabolic 
and clinical effects of the rice diet on lipid 
metabolism are of special interest since the 
diet contains no cholesterol, practically no 
fat and minimal amounts of protein, thus 
constituting an extreme form of dietary 
management of the most frequent and 
serious accompaniment of essential hyper- 
tension—arteriosclerosis. In this connection 
it is important to recognize that many pa- 
tients with essential hypertension appear 
to have an intrinsic disturbance in lipid 
metabolism. As the data indicate, this 
metabolic error may be apparent as an 
abnormally high serum total cholesterol 
level which moreover shows fluctuations, 
often cyclical, that distinctly exceed the 
limits of variation in the normal individual. 
It would therefore appear that any group 
of patients with essential hypertension is 
likely to include a large proportion of 


q 
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individuals (some two-thirds of our small 
series) who have the chemical stigmata of 
coronary arteriosclerosis even though arteri- 
osclerosis may not yet be apparent clinically, 
electrocardiographically or roentgenog- 
raphically. This is in accord, of course, 
with clinical experience in essential hyper- 
tension that there is a high incidence of late 
complications due to coronary, cerebral and 
renal arteriosclerosis. It would further ap- 
pear that if restrictive diets can be shown 
to have any beneficial effects on the serum 
lipids, their use in one or another form 
should receive serious consideration in the 
management of at least those patients with 
essential hypertension who have chemical 
stigmata suggesting a special predisposition 
to arteriosclerosis. Finally, and particularly 
germane to this discussion, since serum cho- 
lesterol levels are prone to inordinately 
large fluctuation in hypertensive patients it 
is important in appraising the effects of the 
rice diet to obtain cholesterol determina- 
tions in numbers sufficient for proper orien- 
tation both before and during treatment. 
This appears not to have been done 
previously. 

With regard to the effects of the rice diet 
on serum total cholesterol levels, our data 
show the distinct fall found by Kempner and 
Starke, although in our small series the 
mean decline was less, 40 mg. per cent. 
This would appear to be a highly desirable 
response to the diet and one which in our 
series evidently is not associated with 
starvation or weight loss. It is not yet clear, 
however, whether a fall in serum total 
cholesterol of this magnitude has any sig- 
nificant prophylactic or therapeutic effect 
on the course of the disease, particularly 
over the relatively short period in which the 
unmodified rice diet can be maintained in 
most patients. Moreover, since the fall in 
serum total cholesterol very largely involves 
the cholesterol ester fraction, whatever 
favorable result may accrue in respect to 
arteriosclerosis may be at the expense of 
impairment of hepatic function. It is not yet 
clear whether the disturbance in hepatic 
esterification mechanisms is attributable to 
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intrinsic parenchymal damage, to retarda- 
tion of metabolic processes in the liver 
associated with reduction in hepatic blood 
flow, to both or to other factors. Judging 
from the results of other hepatic function 
tests made, the liver injury incurred, if any, 
is of slight degree and readily reversible 
upon resumption of a regular diet. 

Of considerable interest is the observation 
that while the serum cholesterol levels fall 
on the rice diet, they do not drop below the 
normal range. This is a striking indication 
of the large capacity in man for endogenous 
synthesis of cholesterol from acetate derived 
from carbohydrate, the only source avail- 
able in quantity in the rice diet. 

With regard to the decline in cholesterol / 
phospholipid ratio observed in seventeen of 
eighteen patients on the rice diet, this would 
also appear to be a highly desirable re- 
sponse. Cholesterol in the serum is not in 
simple molecular solution but is stabilized 
by combinations in the form of cholesterol— 
phospholipid—proteins, notably the B- and 
a-lipoproteins.®° As suggested by Ken- 
dall,® an increase in the cholesterol content 
of the serum beyond the capacity of the 
proteins to combine with it may lead to the 
formation of cholesterol—phospholipid com- 
plexes, such as described by Gofman,*® 
and eventually to unstable cholesterol 
emulsions if insufficient phospholipid is 
present, i.e., if the cholesterol /phospholipid 
ratio is sufficiently high. The causal rela- 
tionship of such disturbances to the patho- 
genesis of arteriosclerosis is still hypothetical 
but lowering of the cholesterol/phospholipid 
ratio would seem from present indica- 
tions*?"437° to be an advantageous ob- 
jective in disorders associated with hyper- 
cholesterolemia and a high incidence of 
arteriosclerosis. Accomplishment of this end 
in some of our hypertensive patients on the 
rice diet is, however, subject to reservations 
similar to those expressed in connection 
with the lowering of serum total cholesterol. 
While the change in cholesterol/phospho- 
lipid ratio is in the desired direction, it is 
not now possible to state whether it is of 
sufficient magnitude and can be sufficiently 
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maintained to exert any significant effect 
on the course of the disease. Moreover, the 
lowered ratio may well be an expression of 
altered metabolic activity in the liver and 
perhaps another reflection of hepatic injury. 


SUMMARY AND CONCLUSIONS 


1. The results of a two-year investigation 
of the Kempner rice regimen in fifty pa- 
tients with advanced essential hypertension 
are reported. The study was made under 
controlled conditions: All patients were 
hospitalized throughout the period of ob- 
servation, the rice diet was prepared in a 
special kitchen with proper safeguards for 
low sodium content, the patients were first 
studied in a fore-period adequate for 
stabilization (mean duration 10.1 weeks), 
and then for a mean period of 10.5 weeks 
on the unmodified rice regimen. 

2. Our results in the relatively short 
period of observation on the rice diet corrob- 
orate in most essentials the reports by 
Kempner in respect to symptomatology, 
hypertension, retinopathy, electrocardio- 
graphic changes, cardiac enlargement, 
electrolyte and nitrogen metabolism, and 
serum total cholesterol. Unfavorable but 
reversible effects on discrete renal and 
hepatic functions were noted. Additional 
data on metabolic and clinical effects of 
the unmodified rice diet are recorded. 

3. The effects of systematic addition of 
sodium chloride to the rice diet, without 
knowledge of the patient, corroborate the 
view that the extremely low sodium content 
of the rice diet is the most significant factor 
in reduction of elevated blood pressure 
levels. Addition of salt-poor protein and of 
fat suggest that the rice diet may be un- 
necessarily restrictive in regard to protein 
and perhaps in other respects. More con- 
trolled study along these lines is needed. 

4. Rigid restriction of sodium, as advo- 
cated particularly by Allen and Kempner, 
would seem to be an important principle in 
the dietary management of at least the 
comparatively small proportion of subjects 
with essential hypertension who require 
more than reassurance, weight reduction or 
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mild sedation. Effective application of this 
principle for sustained treatment, however, 
is exceedingly difficult because the critical 
tolerance level of sodium intake with respect 
to hypertension appears to be extremely 
low, at least in many patients in progressive 
and advanced stages of essential hyper- 
tension, and sodium intake above the 
critical level causes more or less prompt 
return of hypertensive manifestations. 

5. Protracted effective maintenance of 
the Kempner regimen in its present form 
imposes such hardship upon the patient and 
so much difficulty in control as to make it 
virtually impracticable for general use. 
The effects of less restrictive low-salt diets 
have not yet been studied on a sufficiently 
large scale and under sufficiently controlled 
conditions to determine whether or not they 
have more than psychotherapeutic value. 

6. The results of sodium restriction in 
essential hypertension would seem to be 
promising enough to justify further ex- 
tensive exploration. Among the points that 
should be clarified are (1) the extent to 
which the Kempner rice regimen may be 
diversified without serious compromise of 
its effectiveness; (2) the limits of sodium 
tolerance levels with respect to elevated 
blood pressure level in patients with essen- 
tial hypertension, especially those with less 
severe manifestations than considered in 
this report; (3) the effectiveness, under con- 
trolled conditions, of low-sodium diets more 
diversified and palatable than the rice diet; 
(4) the indications for restrictive dietary 
management of essential hypertension in 
relation to sympathectomy. 
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Effect of the Rice Diet on the Serum Choles- 
terol Fractions of 154 Patients with Hyper- 
tensive Vascular Disease 


HELEN STARKE, M.D. 
Durham, North Carolina 


ITHER hypercholesterolemia or hy- 
K pertensive vascular disease or a 

combination of both seems to play 
an important role in the development of 
atherosclerosis. Close association between 
atherosclerosis and a high concentration of 
cholesterol in the serum has been observed 
in patients with diabetes mellitus, ‘4 chronic 
nephritis,” ® hypothyroidism’ and xantho- 
matosis.’° High serum cholesterol concen- 
trations have also been found in patients 
with coronary artery disease,‘* peripheral 
arteriosclerosis,‘ generalized arteriosclero- 
sis,'® exudative vascular retinopathy'’ and 
hypertensive vascular 

Numerous. studies have been made to 
answer the question whether or not the 
serum cholesterol concentration can be 
altered by diet. In fasting, the serum cho- 
lesterol rises in men and in animals (swine, 
cat and guinea pig).”’ Total and esterified 
cholesterol increase in a roughly parallel 
way. Following the ingestion of food at the 
termination of the fast, the cholesterol 
bound as ester drops more rapidly than 
does the total cholesterol. 

Shghtly higher cholesterol values were 
obtained in four normal women when the 
diet contained 3.1 gm. of cholesterol per 
day than when 0.77 gm. of cholesterol per 
day was given.”* The values were higher 
when the cholesterol was administered in 
egg yolks than in butter containing pure 
cholesterol. ‘Total serum cholesterol figures 
as high as 315 mg. per 100 cc. and 600 mg. 
per 100 cc. were reported in two Arctic 


explorers who ate a diet very high in fat 
for twelve months.** ‘The serum cholesterol 
values dropped to 218 mg. per 100 cc. and 
200 mg. per 100 cc. when, after their return 
to a temperate climate, they resumed a diet 
with a lower fat content. 

When egg yolk powder (100 gm. per day) 
was added to a constant 2,500 calorie diet 
given to eight patients with arthritis, the 
serum cholesterol increased by 50 to 170 mg. 
per 100 cc. within six to ten weeks. In two 
nephritics who were treated in the same way 
the serum cholesterol increased by 104 and 


218 mg.”* Rabinowitch”® found that in 


diabetics, with the institution of a high- 
carbohydrate, low-calorie diet, an immedi- 
ate and sustained decrease of plasma 
cholesterol occurred. 

Steiner?® reported: ‘‘Nine individuals 
were placed on diets high or low in fat and 
cholesterol. ‘They were first given a diet 
containing 300 Gm. of fat for six weeks and 
then without interruption placed on a diet 
containing less than 50 Gm. of fat. In five 
of the nine patients there was no increase 
in total serum cholesterol during the period 
of high fat feeding. In four cases a slight . 
rise seemed to occur. Three of the patients 
subsequently were placed on the high fat 
diet for a second period but this time 10 Gm. 
of cholesterol in 200 cc. of milk was added 
to the regimen. No significant change 
resulted in the serum cholesterol levels. 
The serum cholesterol levels of the patients 
on a low fat diet were no different from 
those observed during the control period.”’ 


* From the Department of Medicine, Duke University School of Medicine, Durham, N.C. This work was aided by a 
grant from the United States Public Health Service. 
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Keys?’ found that young men, aged 
eighteen to twenty-five, whose diet con- 
tained 1.49 gm. of cholesterol per week had 
the same serum cholesterol concentration 
as those whose diet contained 4.20 gm. 
Average serum cholesterol values ranged 
between 165 and 184 mg. In older men 
aged forty-five to fifty-five the average range 
was between 242 and 258 mg. There was 
no difference in the serum cholesterol con- 
centration when the diet contained 1.62 gm. 
or 4.81 gm. of cholesterol per week. Keys 
summarized, ‘‘Neither in the younger nor 
older men is there any relation between 
blood cholesterol and the habitual intake 
of cholesterol, in spite of the fact that the 
differences in the latter are large.” 

Kempner examined the effect of the rice 
diet on the serum cholesterol concentration 
of patients with kidney disease or hyper- 
tensive vascular disease. The rice diet con- 
tains in 2,000 calories not more than 5 gm. 
of fat and about 20 gm. of protein derived 
from rice and fruit, and not more than 
200 mg. of chloride and 150 mg. of sodium. 
A marked reduction of the total?*~®° and 
esterified*® cholesterol concentration in the 
serum of more than 90 per cent of the 
patients was found. 

This paper reports 401 determinations 
of free and esterified serum cholesterol on 
154 patients with hypertensive vascular 
disease. The effect of the rice diet on the 
cholesterol fractions was studied after vary- 
ing periods of time. 


METHODS 


Total serum cholesterol was determined 
according to Bloor’s method*! adapted to the 
photoelectric colorimeter. ‘The Sobel and Mayer*? 
modification of the Schoenheimer-Sperry method 
for free cholesterol was used. All determinations 
were made in duplicate. 

One hundred five patients were male; forty- 
nine patients were female. Twenty-nine of the 
women were fifty years of age or older. The 
ages of the patients ranged from nineteen to 
seventy years, average fifty-one years. 

All patients with nephritis or with fasting 
blood sugar levels above 115 mg. per 100 cc. 
were excluded. None of the patients had 
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clinical thyroid disease. Basal metabolic rate 
was obtained on sixty-nine patients. In fifty-five 
of these, values were between +15 per cent and 
—15 per cent of normal. Six had a basal met- 
abolic rate higher than +15 per cent, average 
+20%; the average total cholesterol of these 
patients before treatment was 300 mg. per 100 
cc. of serum. Eight patients had a basal meta- 
bolic rate lower than —15 per cent, average 
—21 per cent; the average total cholesterol of 
these patients before treatment was 317 mg. 
per 100 cc. of serum. 

One hundred twenty-two of the 154 patients 
had cardiac involvement at the time they were 
first seen. Any one or more of the following is 
taken as evidence of cardiac involvement: 
radiologic report of cardiac enlargement, in- 
version of T; or diphasic T; in the electro- 
cardiogram, bundle branch block, auricular 
fibrillation or myocardial infarction. 

Fifty-six patients had hemorrhagic vascular 
retinopathy. Fifty-five had exudative vascular 
retinopathy. Ten had papilledema. Fifty-six 
patients had renal involvement. A PSP excre- 
tion of less than 50 per cent in two hours, a 
blood non-protein nitrogen higher than 45 mg. 
per 100 cc., or proteinuria of more than 0.5 gm. 
per L. is taken here as evidence of renal involve- 
ment. Twenty-one patients had had cerebro- 
vascular accidents or convulsions. Arcus senilis 
was noted in thirty-four patients. 


RESULTS 


The mean total cholesterol of 154 patients 
before treatment was 272 + 4.4 mg. per 
100 cc. of serum. ‘The mean free cholesterol 
of all 154 patients before treatment was 
76.2 + 1.5 mg. per 100 cc. of serum. The 
mean esterified cholesterol before treatment 
was 195.8 + 3.2 mg. per 100 cc. of serum. 
The mean ratio of free to total cholesterol 
before treatment was 28.0 + 0.25 per cent. 
One hundred twenty-five patients had a 
serum cholesterol of more than 220 mg. 
per 100 cc. of serum before treatment, aver- 
age 289 mg. per 100 cc. Twenty-nine 
patients had a serum cholesterol of 220 mg. 
per 100 cc. or less before treatment, average 
199 mg. per 100 cc. 

Total and free serum cholesterol was 
determined in the serum of thirty-six normal 
individuals whose ages ranged from seven- 
teen to forty-seven years. ‘The mean total 
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cholesterol was 198 + 6.2 mg. per 100 cc. 
of serum. The mean free cholesterol was 
54.9 + 2.1 mg. per 100 cc. of serum. The 
mean ratio of free to total cholesterol was 
27.7 + 0.6 per cent. 

Table 1 summarizes the changes in total 
and free cholesterol and in the ratio of free 
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patients who initially had hypercholesterol- 
emia and those whose initial total cho- 
lesterol was normal. In the patients who had 
an initial total cholesterol of 220 mg. or less 
per 100 cc. of serum the ratio of free to total 
cholesterol did not change. In those patients 
who had an initial total cholesterol of 221 


TABLE I 
AVERAGE CHANGES IN THE SERUM CHOLESTEROL FRACTIONS AFTER VARIOUS PERIODS OF RICE DIET 
Mean 
Serum Cholesterol 
mg./100 cc. 
Time wae No. of (mg Average | Standard a. 
: t 
in Days servations Change Error Difference 
Before After 
Treatment Treatment 
Total Cholesterol 5-30 60 270 + 7.9 209 + 6.2 —61 4.76 12.82 
31-60 80 271 + 6.1 212 + 5.9 —59 4.81 12.27 
61-120 73 Zit +78 202 + 5.8 —69 4.60 15.00 
121-240 34 272 + 8.0 191 + 7.2 —81 7.04 11.51 
Free Cholesterol 5—30 60 477.2 £2.71 4.3 + 2:4 —13.1 1.57 8.34 
31-60 80 75.7 +2.2| 64.2 + 2.1 —11.5 1.81 6.35 
61-120 73 75.6 = 2.3 | 59.7 +1.8 —15.9 1.56 10.19 
34 476.7 £2.39 1 55.5 + 2.2 —21.2 2.60 8.15 
Mean 
(Free Cholesterol K 100) 
Time No. of (Total Cholesterol) Average | Standard bs = _ 
in Days Observations Change Error 
Difference 
Before After 
‘Treatment ‘Treatment 
Ratio 5-30 60 28.5 +0.4)} 30.4 +0.4 +1.9 .47 4.04 
31-60 80 28.0 + 30.2 + 0.4 +2.2 .47 4.68 
61-120 73 28.0 +0.3 | 29.7 +0.4 +1.7 .50 3.40 
121-240 34 28.2 +0.8 29.0 + 0.4 +0.8 0.95 


to total cholesterol over varying periods of 
time. The results of the calculations for 
significance are shown. 

It appears from these data that the total 
cholesterol decreases rapidly and that the 
decrease is maintained when the patient 
follows the rice diet, that the free cholesterol 
decreases at a slower rate than does the 
total cholesterol so that the ratio of free to 
total cholesterol rises accordingly. 

However, there is a difference in the rate 
of decrease in free cholesterol between those 


mg. or more per 100 cc. of serum there was 
a definite rise in the ratio of free to total 
cholesterol. (Table 11.) 


COMMENT 


We do not know all the sources from 
which cholesterol is derived. It has been 
shown thatcholesterol can be synthesized** *° 
and destroyed* in the animal body. Bloch, 
Borek and Rittenberg*® found with the War- 
burg apparatus that intact liver cells under 
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aerobic conditions produced cholesterol 
from acetate containing D.,O and 
Cholesterol can also be synthesized from 
acetone. 

We do not know the mechanism by 
which the normal cholesterol level in the 


feeding.*° Recently Steiner and Kendall‘! 
have produced hypercholesterolemia and 
atherosclerosis in dogs by combined feeding 
of thiouracil and cholesterol. McMeans and 
Klotz*? have found regression of the fatty 
streaks in the arteries of rabbits when the 


TABLE II 
EFFECT OF RICE DIET ON SERUM CHOLESTEROL FRACTIONS IN TWENTY-NINE PATIENTS WITH AN INITIAL 
‘“‘NORMAL””’ CHOLESTEROL CONCENTRATION AND 125 PATIENTS WITH AN INITIAL CHOLESTEROL LEVEL 
ABOVE ‘‘NORMAL”’ 


Initial Total Cholesterol (mg. per 100 cc. of serum) 
No. of Patients 


Total Cholesterol (mg. per 100 cc. of serum) 
Before treatment 
After treatment 


Free Cholesterol (mg. per 100 cc. of serum) 
Before treatment 
After treatment 


(Free Cholesterol 100) 


Ratio “(Total Cholesterol) 
Before treatment 


150-220 mg. 221-463 mg. 150-463 mg. 
29 125 154 
199 + 3.17 289 + 4.07 272 + 4.41 
166 + 4.85 209 + 3.99 201 + 3.63 
57.2 + 1.76 80.6 + 1.56 76.2 + 1.50 
47.4 + 1.55 62.5 41.39 59.7 + 1.26 
28.7 + 0.77 27.9 + 0.26 28.0 + 0.25 
28.7 + 0.49 29.8 + 0.27 29.6 + 0.24 


serum 1s maintained and why, in the process 
of aging and in certain diseases, the serum 
concentration rises. Neither do we know 
under what conditions hypercholesterolemia 
causes atherosclerosis. 

Further studies will be needed to show 
why hypercholesterolemia is reduced by the 
rice diet. It may be due to the low fat or to 
the low cholesterol content of the diet, or to 
both. The low protein content of the diet 
may be of importance. The change in fluid 
balance, or the low sodium or low chloride 
content, or the relative alkalinity of the 
diet may possibly play a role. The slight 
but definite rise in the ratio of free to total 
cholesterol on the rice diet calls attention to 
the liver. There could be decreased blood 
flow through the liver, decreased excretion 
of free cholesterol by the liver or decreased 
production of cholesterol or impairment of 
esterification. 

It is known that feeding of cholesterol 
causes hypercholesterolemia and athero- 
sclerosis in Atherosclerosis which 
sometimes is found ‘“‘spontaneously”’ in 
chickens can be accelerated by cholesterol 
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cholesterol was removed from the diet. A 
low fat diet can retard atherosclerosis in 
the chicken.** Leary** has stated that cho- 
lesterol deposits in the atheromatous lesions 
in man may undergo lysis. Wilens*® has 
observed a relative absence of atherosclero- 
sis in persons dying of wasting diseases and 
concludes that ‘“‘significant resorption: of 
previously formed atheromatous lesions 
may occur during periods of marked weight 
loss.”’ 

So far there are no figures available which 
show to what extent lowering of the serum 
concentration of free and esterified cho- 
lesterol in man prevents, retards or arrests 
atherosclerosis or causes a regression of 
lesions already present. However, of all the 
diets used in the treatment of hypertensive 
vascular disease the rice diet is the lowest 
in fat and in cholesterol, and has reduced 
hypercholesterolemia in 98.4 per cent of 
the 125 patients whose initial total serum 
cholesterol was more than 220 mg. per 
100 cc. In eighty-two of these patients 
(65.6 per cent) the serum cholesterol fell to 
normal values (220 mg. per 100 cc. or less). 


After treatment 
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CONCLUSIONS 


The rice diet causes a decrease in total, 
free and esterified serum cholesterol in 
patients with hypertensive vascular disease. 

Of the 154 patients studied, 125 had a 
total serum cholesterol concentration greater 
than 220 mg. per 100 cc. before the rice diet 
was started. Twenty-nine patients had a 
serum cholesterol of 220 mg. per 100 cc. or 
less. 

The total cholesterol and the esterified 
cholesterol decreased in 149 of the 154 
patients. The free cholesterol decreased in 
140 patients. There was no change in the 
mean ratio of free to total cholesterol in 
those patients whose initial total cholesterol 
was 220 mg. per 100 cc. of serum or less. 
There was an increase in the mean ratio of 
free to total cholesterol in those patients 
whose initial total cholesterol was 221 mg. 
per 100 cc. or more. 
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Bilateral Thoracolumbar Sympathectomy 
for Hypertension’ 


A Study of 500 Cases 


JoHN J. THORPE, M.D., W1ILLIAM J. WELCH, M.D. and CHARLES A. POINDEXTER, M.D. 
New York, New York 


URING the period January, 1942, 

to July, 1948, 500 patients with 

hypertensive disease were oper- 
ated upon by Dr. J. William Hintonf or 
members of the resident staff of the Uni- 
versity Hospital, New York City. This 
report constitutes a review of this experi- 
ence. Most of the operations were done at 
the University Hospital; a considerable 
number at the Doctors Hospital; and a few 
each at Bellevue Hospital and Women’s 
Infirmary, New York City, and the Jersey 
City Medical Center, Jersey City, New 


Jersey. 
METHOD OF STUDY 


Records were kept by one of the surgeons for 
the entire group and a great majority of the 
patients were seen at his office or at the Sym- 
pathectomy Clinic of the University Hospital. 
Blood pressure readings were taken by one of 
three nurse-technicians associated with the 
study since its inception. In all cases an effort 
was made to secure observations at three, six, 
nine and twelve months after operation and at 
six-month intervals thereafter. Electrocardio- 
grams, heart size (6 foot chest x-ray), routine 
urinalysis and blood urea nitrogen and non- 
protein nitrogen determinations for comparison 
with preoperative data were recorded at the end 
of the first postoperative year and as often there- 
after as indicated. A questionnaire was sent to 
unavailable, out-of-town patients and was filled 
in by the attending physician. 


t It was Dr. Hinton’s decision that analysis of the 
results of surgery would best be accomplished by a 
medical group since evaluation was primarily in the 
medical domain. He has, therefore, refrained from 
participation in any part of this review. 


The number of patients and the duration of 
the period of observation (i.e., from time of 
operation to end of study, March 1, 1949) is 
indicated below. The mean observation period 
was 35.3 months. The longest period of observa- 
tion was eighty-four months, the shortest six 
months. 


Duration of 


Observation No. of 
(yr.) Patients 
0-0 .9 34 
1.0-1.9 85 
2.0-2.9 155 
3.0-3.9 126 
4.0-4.9 © 72 
5.0-5.9 10 
6.0-6.9 18 

Totals 500 


PREOPERATIVE STATUS OF THE PATIENTS 


In reviewing an experience of this kind 
it seems advisable to outline the preopera- 
tive findings in such manner that the ob- 
servations may be compared with those in 
other operated and medically treated groups 
of hypertensives. The source of our data in 
the first 290 cases was the medical history 
and physical examination of the admitting 
surgical house officer, frequently supple- 
mented by the records of the referring 
physician or the medical service of the 
University Hospital. In the last 210 cases 
this was supplemented by observations of 
either of two of the authors. (W. J. W.) and 
(J. J. T.). This variety in source material, 
particularly in the early cases, accounts for 
gaps in certain important items (e.g., ocular 
funduscopic examinations were not ob- 
tained in forty cases). 


* From the Division of Cardiology, Department of Medicine, Post Graduate Medical School, New York University- 
Bellevue Medical Center, New York, N. Y. 
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Sex and Color. In this series females out- 
number males by 298 to 202, a ratio of 
3:2, and the group includes only 6 non- 
white patients. The predominance of fe- 
males in our series is similar to that of 
medically treated groups reported by Ras- 
mussen and Boe! M—31 per cent, F—69 
per cent; Palmer et al.2 M—45 per cent, 
F—55 per cent; and Perera’s group? M—37 
per cent, F—63 per cent; but differs from 
that of Keith, Wagener and Barkert M— 
65 per cent, F—35 per cent. The sex dis- 
tribution in other series of operated hyper- 
tensives was similar to ours: Smithwick® 
M—39.4 per cent, F—60.6 per cent; Lemon 
and Poppen® M—42 per cent, F—58 per 
cent; Peet? M—48 per cent, F—52 per cent. 

Age. ‘The age distribution at the time of 
operation in periods of ten years is recorded 
in the following table: 


TABLE I 
Age No. of Cases % of All Cases 
10-19 4 0.8 
20-29 31 6.2 
30-39 123 24.6 
40-49 252 50.4 
50-59 87 17.4 
60 and over 3 0.6 
Totals: 500 100.0 


Half of the group were forty to forty-nine 
years of age; one-quarter were thirty to 
thirty-nine; slightly more than one-sixth 
were fifty to fifty-nine. The youngest patient 
operated upon was ten years old, the 
oldest sixty-three. 

The age distribution of Rasmussen and 
Boe’s series! showed more subjects in the 
older age groups; 34 per cent were fifty to 
fifty-nine; 41 per cent were sixty to sixty- 
nine; and 13 per cent were seventy to 
seventy-nine. Palmer’s group”? were also 
somewhat older. A detailed age distribution 
is not available in Keith, Wagener and 
Barker’s‘ study but with respect to the maxi- 
mum, minimum and mean ages their group 
was similar to ours. The age distribution of 
Perera’s® group is recorded in terms of age 
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at the time of the onset of the disease. ‘The 
age distribution among the surgically treated 
patients reported by Peet’ is practically 
identical with ours; in Smithwick’s® series 
there are more patients aged thirty to thirty- 
nine and fewer in the fifty to fifty-nine year 


TABLE I 

Years No. of Cases % of All Cases 
Under 1 53 10.6 
1-1.9 37 7.4 
2-2.9 51 10.2 
3-4 .9 86° 
5-9 .9 137 27 .4 
10-14.9 85 17.0 
15 and over 51 10.2 

Totals: 500 100.0 


group; Lemon and Poppen‘® operated on the 
largest group of patients in the lower age 
brackets. 

Duration of Known Hypertension. ‘This in- 
formation resolves itself into how well the 
patient remembers when he first learned of 
his elevated blood pressure. Although 40 per 
cent of the patients were specifically ques- 
tioned as to the date of the last recorded 
normal blood pressure (insurance examina- 
tions, previous hospitalizations for non- 
hypertensive disorders, draft board exami- 
nations, etc.), the information is of dubious 
accuracy. However, similar data for other 
medically treated and sympathectomized 
groups suffer the same deficiency. As may 
be seen (Table 1) slightly more than one- 
quarter of our group had known of their 
hypertension for from 5 to 9.9 years and 
nearly three-quarters of the group for three 
or more years. 

Symptoms in Order of Frequency. With due 
regard for the fact that the symptoms com- 
plained of by hypertensive patients are not 
necessarily related to their underlying 
disease, these are listed herewith in descend- 
ing order of frequency (Table 1). 

It is of interest that a stroke was recorded 
in the history of one-sixth of our cases, 
although many were minor in character 
and without clinical residua. Serious loss of 
vision was present in less than 4 per cent and 
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myocardial infarction in 2.4 per cent. No 
symptoms were present in 3.4 per cent, their 
major worry or the worry of their physicians 
was elevation of blood pressure alone. 

Organ Involvement Indicated by Chief Com- 


plaint. Seventy per cent of our cases had 
TABLE III 
Symptoms | No. of Cases | Incidence—% 

Headaches: 

Nervousmess .......... 191 38 .2 
Blurring of vision...... 171 | 34.2 
Paresthesias........... 82 16.4 
Confusion 

(usually episodic)... . 22 4.4 
Rapid change in vision. . 19 3.8 
Orthopnea 18 3.6 
Paroxysmal dyspnea... . 16 
Myocardial infarction. . 12 2.4 
12 2.4 
Unilateral blindness... . 6 
No symptoms......... 17 3.4 


symptoms referable to the head. (Table tv.) 
This is of interest because it is doubtful if 
this area represented in fact the actual 
source of danger to life since the great major- 
ity of any unselected group of hypertensives 
will die a cardiac death.* 

Previous History of Glomerulonephritis. Sev- 
enteen patients (3.4 per cent) specifically 
stated that they had had nephritis previously, 
or described a renal illness associated with 
an antecedent streptococcal infection which 
could be labeled nephritis, or had a history 
of albuminuria antedating their hyperten- 
sion. The number of these whose hyper- 
tension was causally related to the kidney 
disease is impossible to estimate; several who 
came to autopsy showed only renal arteri- 
olar sclerosis and not the changes of glo- 
merulonephritis. Others in this group did 
not show anemia, impairment of renal 
function or urinary findings suggestive of 
glomerulonephritis. Renal biopsies were 


made in 223 cases. Microscopic examination 
did not clarify the situation; only three had 
findings of glomerulonephritis and none of 
these had a clinical history of any type of 
renal disease; five of the biopsied cases had 
a clinical history of glomerulonephritis and 


TABLE IV 
Major System to Which 
Chief Complaint No. of Cases | % of All Cases 
Referred 
Blood pressure alone... . 17 3.4 
500 100.0 


none of these showed the pathologic changes 
of that disease. 

Previous History of Pyelonephritis. ‘There 
were sixteen cases (3.2 per cent) with a 
history of pyelonephritis. All were biopsied 
but only one showed pathologic changes 
compatible with this disease. In the first 
200 cases routine intravenous pyelography 
was performed but the small amount of 
helpful information obtained, and one death 
due to iodide sensitivity, prompted abandon- 
ment of this as a routine procedure. In the 
succeeding cases intravenous or retrograde 
pyelography was carried out when the 
clinical history or laboratory findings indi- 
cated its advisability. 

Previous History of Toxemia of Pregnancy. 
Almost one-quarter (seventy) of the females 
in the series gave a history of toxemia of 
pregnancy. Repeated episodes are counted 
only once. The relationship of the onset of 
hypertensive disease to toxemia has not been 
analyzed in this study. 

Physical Findings in Order of Frequency. 
Forty cases or 8.0 per cent of the series do 
not include a record of the preoperative 
eyeground findings. Heart size was not 
included in this tabulation. This has been 
analyzed from six-foot chest films. 

Basal systolic murmurs were considered 


worthy of tabulation as an index of either 
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aortic dilatation or atherosclerosis. Enlarge- 
ment of the liver is included because in some 
instances it was probably cardiac in origin. 


TABLE V 
Physical Findings No. of Cases | Incidence—% 
Ocular fundi with 
positive findings: 

Grade tl.......... 151 30.2 

Grade t.......... 87 17.4 

Grade m......... | 

Grade Iv......... 54 10.8 
Basal systolic murmur. . 81 16.2 
Enlarged liver......... 32 6.4 
Residue of hemiplegia. . 25 5.0 
Pulmonary rales....... 17 3.4 
Confusion............ 13 2.6 
Pulsus alternans....... 6 


Predominant Physical Findings Indicating 
Major Organ Involvement. It was deemed 
also of interest to tabulate the predominant 
organ involvement as determined by physi- 
cal examination alone: 


TABLE VI 
Findings No. of Cases | % of All Cases 
Blood pressure alone... . 348 69.6 
Cerebral. 23 4.6 


An elevated blood pressure alone was the 
outstanding physical disorder in 69.6 per 
cent of cases. Eyeground changes ranked 
second; predominance of cerebral and 
cardiac abnormalities was found by physical 
examination alone in a relatively small 
fraction of the group. 

Distribution of Cases According to Diastolic 
Blood Pressure. Evaluation of blood pressure 
determinations is widely recognized as 
difficult. It is well known that the systolic 
blood pressure may vary greatly in a given 
individual and does not usually reflect in- 
creased peripheral resistance. In comparing 
pre- and postoperative determinations, if 
one considers both the systolic and diastolic 
pressures or a combination of pulse pressure 
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and diastolic pressure, the range of varia- 
bility, not to say confusion, increases to a 
formidable degree. For this reason we have 
compared only diastolic blood pressure 
readings in our preoperative evaluation and 
postoperative studies. We have classified our 
patients into groups separated by 20 mm. 
Hg to allow for day to day variation and for 
the variation among observations by several 
individuals on the same patient. Those 
values designated as ‘‘Admission Lying 
Diastolic Blood Pressure’? were those ob- 
tained within a few hours of admission to 
the hospital by a house physician. These 
probably correspond to readings obtained 
by the referring physician in his office. After 
the patient had been hospitalized two or 
more days and was on a modified rest 
regimen, a trained nurse technician recorded 
the Lying Blood Pressure preliminary to a 
sodium amytal test.? We believe that this 
approaches a baseline value and reflects a 
lessening or abolition of the effects of recent 
physical effort (i.e., coming to the doctor’s 
office or hospital) and superficial psychic 
stimuli (the effects of a new environment, a 
strange physician, etc.). Subsequent to this 
the Sitting, Standing and Standard Exercise 
pressures were obtained. ‘The Standard Ex- 
ercise consisted in having the subject step 
up and down on a platform one foot high, 
twenty times, raising his arms over his head 
with each step. Only the Exercise blood 
pressure has been tabulated since Sitting 
and Standing blood pressures usually ranged 
between Lying and Exercise values. We have 
assumed that Exercise blood pressure level 
approximates levels attained during mod- 
erate exercise and perhaps emotional stress 
in the patients’ everyday life. Table vi on 
page 504 notes the range of diastolic blood 
pressures obtained under these several 
conditions. 

Not unexpectedly among the Lying 
Diastolic readings, 38 per cent are under 
120 mm. Hg and slightly more than 5 per 
cent are under 100 mm. Hg. Sixty-two per 
cent of the cases had a Resting Diastolic 
blood pressure in excess of 120 mm. Hg. 


Admission and Exercise diastolic blood pres- 
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sures show a significant shift to the higher 
ranges, although the difference between Ad- 
mission and Exercise levels was not signifi- 
cant. Under these conditions about 80 per 
cent of the cases had a Diastolic blood pres- 
sure over 120 mm. Hg, and about 40 per 
cent were 140 mm. Hg or over. 


TABLE VIt 
PREOPERATIVE DIASTOLIC BLOOD PRESSURE 
Admission Lying Exercise 
Blood Pressure 
inmm.Hg | No.| | No.| | No.| % 
of of of 

All All All 
Cases Cases Cases 
160 and over 53 | 10.6} 20 4.0| 49 9.8 
140-159 137 | 83 | 16.6) 167 | 33.4 
120-139 206 | 41.2) 207 | 41.4 205 | 41.0 
100-119 100 | 20.0} 164 | 32.8) 74) 14.8 
Under 100 4 0.8; 26 5.2 5 1.0 
Totals: 500 1100.0) 500 |100.0) 500 {100.0 


Laboratory Data. Four simple laboratory 
tests have proved to be of practical use in the 
evaluation of the hypertensive state and all 
are available in most general hospitals. 
They are the specific gravity of the urine 
(in a majority of cases this was checked, by 
means of a suitable concentration test), 
blood urea nitrogen, electrocardiogram and 
six-foot roentgenogram of the chest for 
heart size. 


TABLE VII 
PREOPERATIVE SPECIFIC GRAVITY OF URINE 

Specific Gravity | No. of Cases % of All Cases 
1.020 or over 253 50.6 
1.011-1.019 208 41.6 
1.010 or under 27 5.4 
Unknown 12 2.4 

Totals: 500 100.0 


Moderate impairment of concentrating 
power was seen in 41.6 per cent of cases; 
marked impairment in 5.4 per cent. About 
three-quarters of the cases had blood urea 
nitrogen levels of 15 mg. per cent or less; 


only 5.6 per cent exceeded 21 mg. per cent. 
A normal electrocardiogram was reported 
in 35.2 per cent; moderate changes were 
reported in 42.8 per cent; marked in 17.8 
per cent. Previous myocardial infarction was 
seen in 2.2 per cent either as an independent 


‘TABLE 1X 
PREOPERATIVE BLOOD UREA NITROGEN 
Blood Urea 
Nitrogen No. of Cases 2% of All Cases 
(mg. %) 
15 or under 380 76.0 
16—20 65 13.0 
21-30 17 3.4 
Over 30 12 2.4 
Unknown 26 5.2 
Totals: 500 100.0 
TABLE X 
PREOPERATIVE ELECTROCARDIOGRAM 
Interpretation Incidence— % 
Mild left ventricular 
hypertrophy.............. 214 42.8 
Marked left ventricular 
hypertrophy.............. 89 17.8 
Previous myocardial infarction . 11 2. 
TABLE XI 
PREOPERATIVE SIX-FOOT CHEST X-RAY 
Interpretation of Heart Size No. of Incidence— % 
Cases 
mortm............... 110 22.0 


finding or in combination with ventricular 
hypertrophy. No electrocardiogram was 
available in 2.8 per cent. Slightly more 
than half the cases showed cardiac en- 
largement and almost one-fourth showed 
dilatation of the aorta. 

Sodium amytal tests were carried out on 
our cases but they are not analyzed in this 
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report. Our experience has borne out the 
findings of a preliminary study by Hinton 
and Lord® that this test does not correlate 
well with the results to be expected from 
sympathectomy. 

Distribution of Cases by Palmer’s Modifica- 
tion of the Ketth-Wagener-Barker Classification. 
While the preceding material provides a 
fairly adequate over-all impression of the 
patients operated upon, a more precise 
classification is desirable. The grading of 
hypertensives according to the method of 
Keith, Wagener and Barker* has been 
utilized at this hospital, although the fre- 
quent disparity between the vascular 
changes seen in the fundi and those present 
in other organs here, as elsewhere, has 
limited its usefulness. ‘This was recognized 
by Palmer, Loofbourow and Doering? in 
their study of 430 patients with hypertension 
treated medically for an average of eight 
years. They have formulated a four-part 
classification similar to that of Keith, 
Wagener and Barker* which considers 
damage to other organs in addition to eye- 
ground changes. We have applied their 
criteria to our cases. In the forty cases in 
which no funduscopic data were available 
there was evidence of other organ involve- 
ment sufficient to categorize them in grade 
II or 111 in twenty-two cases. In the remaining 
eighteen, although the other organ systems 
were negative, they are called Unclassified 
rather than Grade 1. The criteria of Palmer 
et al.” are as follows: 

‘‘Grade 1:—These patients have no 
changes or minimal changes in the fundi as 
represented by narrowing of the arterioles, 
normal hearts or no more than prominence 
in the region of the left ventricle by x-ray 
study, no impairment of renal function by 
the tests used and normal urine examination 
or occasionally slight albuminuria and 
slight changes on microscopical examination 
of the sediment. 

‘“Grade 11:—These cases include moderate 
organic changes in the fundi: widening of 
the arteriolar light reflex, narrowing, caliber 
changes and arteriovenous compression. 
The heart exceptionally is normal by x-ray 
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study and is usually prominent in the region 
of the left ventricle and sometimes more 
definitely enlarged but without functional 
impairment; the kidney is normal, slight 
degrees of albumin and minimal numbers 
of formed elements are found in the sedi- 


TABLE 

University Hospital Series 
No. | % of No. | % of 

Grade of All Grade | of All 
Cases} Cases Cases} Cases 

I 96 19.2 I 104 24.2 
Il 81 16.2 ul 80 18.6 
Ill 251 50.2 I 192 44.8 
IV 54 10.8 IV 54 12.4 
Unclassified 18 3.6 
Totals: 500 | 100.0 430 | 100.0 


ment, or there may be slightly impaired 
function. 

“Grade u1:—These fundi are rarely nor- 
mal, usually showing arteriolar narrowing, 
caliber changes, wide light reflex and arte- 
riovenous compression. Often, there are 
exudates and hemorrhages; the heart is 
often moderately to markedly enlarged, 
commonly with symptoms and signs of 
actual or impending congestive failure or 
symptoms of anginal failure. The urine fre- 
quently shows albuminuria and casts, and 
renal function is often impaired, though 
actual failure (uremia) is not common; 
cerebral accidents sometimes occur (in 20 
per cent of cases). 

‘‘Grade 1v:—The cardinal, indeed, the 
obligatory signs is edema of the optic discs, 
with or without exudates and hemorrhages 
and always with marked narrowing of the 
arterioles. Cardiac enlargement and con- 
gestive failure may be present; renal im- 
pairment and failure are common.”’ 

Using these criteria a tabulation of the 
relative severity of the hypertensive process 
in our patients was compared with Palmer’s 
group of medically treated patients. The 
close approximation of the several grades of 
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severity in our patients with those medically 
treated is apparent. (Table x11.) 


OPERATIVE PERIOD 


This phase of the study concerns the 
events occurring from the time of the first 
operation through the day on which the 
patient left the hospital. 

Types of Operative Procedure. In our 
initial experience with this operation the 
sympathetic chain from lumbar-3 or -2 
through thoracic-8 was removed, the origi- 
nal Smithwick® procedure. As follow-up 
studies in the first year or two of this ex- 
perience indicated either a failure of sus- 
tained lowering of the blood pressure or a 
rise in blood pressure to preoperative levels 
in a number of cases, it was hoped that 
more extensive ganglionectomy might give 
more marked and/or more lasting results. 
This possibility, together with improvement 
in operative technic and immediate post- 
operative care, led to the extension upward 
of the levels at which ganglia were removed. 
In attempting to evaluate this procedure 
and to weigh the potential disadvantage of 
increased operative mortality and morbidity 
the cases are grouped according to the level 
of ganglion resection. Inasmuch as the two 
sides were not always done to the same level 
the classification was based on the highest 
level resected on either side. The levels 
chosen and the number of cases in each 
group are shown herewith: 

TABLE 


TYPES OF OPERATION BY MAXIMUM LEVEL 
OF GANGLION RESECTION 


Operative Level No. of Cases | % of All Cases 
T-8 or lower 182 36.4 
T-7 to T-4 inclusive 147 29.4 
T-3 and T-2 134 26.8 
T-1 37 7.4 

Totals: 500 100.0 


Slightly more than one third of the cases had 
the least radical form of surgery. Operations 
of moderate extent were done in more than 
one-half of the cases and only 7.4 per cent 
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had the most radical procedure approaching 
a total sympathectomy. 

Immediate Postoperative Complications. ‘The 
immediate postoperative outlook of the 
patient, granting a high order of surgical 
technique and skillfully administered anes- 
thesia, is influenced primarily by post- 
operative complications: 


TABLE XIV 
Complication Incidence— % 

Temporary elevation of blood 

urea N above 25 mg. %.... 74 14.8 
Cerebral accident............ 31 6.2 
18 3.6 
Cardince failure.............. 18 3.6 
Other (shock, empyema, 

wound infections, etc.)...... 17 3.4 
Myocardial infarction........ 8 1.6 
Pulmonary embolism......... 4 0.8 


Some of these events are to be anticipated 
in any major surgical procedure, e.g., pul- 
monary embolism, shock, wound infection, 
etc. Certain other difficulties stem quite 
naturally from the operative area involved, 
e.g., hemothorax, pneumonia and atelecta- 
sis. Others such as temporary elevation of 
the blood urea nitrogen, cerebral vascular 
accident and myocardial infarction reflect 
the fact that these patients have underlying 
vascular disease of the kidney, brain or 
heart. With respect to hemothorax and 
temporary nitrogen retention, we have 
come to think of them as “postoperative 
sequelae,’ rather than ‘“‘postoperative 
complications.”’ 

Table xv details the complications ac- 
cording to the operative levels. 

The incidence of hemothorax appears to 
be directly related to the extent of the 
operative procedure. This might be ex- 
pected since the higher the level of gangli- 
onectomy the more tissue is exposed from 
which blood may escape and the greater 
becomes the technical problem of hemosta- 
sis. The incidence of cardiac failure, in a 
small number of cases resected above the 
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level of T-8, also appears to increase except 
in the T-2—-T-3 group. The remainder of 
the complications do not show a propor- 
tionate rise with each operative level, 
merely a significant rise in incidence at any 
level above the original levels recommended 
by Smithwick.° 
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The mortality in patients under age thirty 
is significantly lower than that of the older 
groups. Though there is a slight rise in the 
mortality from thirty to sixty years of age 
this difference is not statistically significant. 
Individuals over fifty in our experience do 
not run a greater risk than do those between 


TABLE XV 
OCCURRENCE OF IMMEDIATE POSTOPERATIVE COMPLICATIONS FOLLOWING VARIOUS LEVELS OF GANGLION 
RESECTION 
T-8 or Lower T-7 to T-4 T-2 to T-3 T-1 
Complications 
No. of | Incidence | No. of | Incidence | No. of | Incidence | No. of | Incidence 
Cases % Cases % Cases % Cases % 
we 10 5.5 56 38.1 95 70.9 35 94.7 
Temporary elevation of blood urea 
Cerebral accident ................. 7 3.8 8 5.4 13 9.7 3 8.1 
10 5.5 6 4.1 7 5.2 3 8.1 
2 1.1 7 4.8 7 5.2 2 5.4 
OS OE re 5 2.7 7 4.8 2 1.5 4 10.8 
Myocardial infarction ............. 1 0.6 4 2.7 3 2.2 0 0 
Pulmonary embolism.............. 0 0 1 0.7 2 1.5 1 2.7 
Intercostal neuralgia .............. 30 16.5 73 49.6 70 52.3 17 46.0 


Immediate Postoperative Morbidity and Mor- 
tality. ‘This was taken to be the length of 
time the patient remained in the hospital 
after the first side was operated upon. In 
general, the stay in the hospital was five to 
ten days longer following operations above 
T-8. 

Any patient who died between the day 
of the first operation and day of discharge 
was considered to be an operative death. A 
total of forty-four patients were in this 
category, an over-all mortality rate of 8.8 
per cent. 

There was no significant difference in the 
operative mortality between males and 
females: 


TABLE XVI 
No. of | No. of | Mortality 
Deaths | Cases 
Females... .. 24 298 8.1 
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the ages thirty to thirty-nine and forty to 
forty-nine. (Table xvu..) 


TABLE XVII 

Age in Years No. of Deaths Mortality—% 
10-19 0 0 

20-29 1 3.2 
30-39 10 8.1 
40-49 24 3.3 
50-59 9 10.3 

60 and over 0 0 


Table xvi lists the distribution of deaths 
by general causes. 

Cerebral and cardiac deaths were ap- 
proximately equal in number, each con- 
stituting the mode of death in about one- 
third of those who succumbed. Renal failure 
was a primary cause of death in 6.8 per cent 
of cases. This relatively low figure may be 
due to the fact that since the first hundred 
cases demonstrated that a slightly elevated 
blood urea is a warning signal of partial or 
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complete postoperative renal failure, these 
cases have been more rigorously excluded 
from consideration of sympathectomy than 
any others. On the other hand, patients who 
died cardiac or cerebral deaths often had 
minimal or no premonitory signs or, if 


TABLE XVII 


C No. of | % of All 
_— Deaths | Deaths 
15 34.0 
Pheochromocytoma............. 2 4.5 
Other (shock, retroperitoneal 
hemorrhage, mediastinitis, etc.) . 8 18.4 
present, these were not acknowledged 


clinically as significant. Two patients with 
pheochromocytoma died. One had been 
tentatively diagnosed preoperatively but an 
exhaustive work-up failed to confirm its 
presence. (Recent diagnostic aids were not 
available at that time.) The other was 
unsuspected. 

Operative Deaths in the Various Types of 
Operation. ‘There is a significant rise in the 
death rate when ganglia above T-8 are 
removed: 


TABLE XIX 
dn No. of Deaths | Mortality—9% 
of Operation 
T-8 or lower 7 3.8 
T-7 to T-4 15 10.2 
T-2 to T-3 14 10.4 
T-1 8 21.6 


There is no significant difference in the 
mortality incurred by extending the opera- 
tion from J-4—T-7 up to T-2 or 3. The 
apparent additional rise in mortality when 
the operation includes T-1 is not statistically 
significant due to the smaller number of 
cases in this group. 


RESULTS 


The analysis of the results of any form of 
therapy for hypertension is a complicated 
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problem. Objections can be raised to almost 
all criteria of improvement. Blood pressure 
alone does not necessarily measure the 
hypertensive state; subjective evaluation 
always includes the effects of the postop- 
erative course versus the severity of the 
preoperative symptoms; laboratory data 
often contradict both blood pressure results 
and subjective impressions; arbitrary classi- 
fication is befogged by a cloud of definitions. 

We have analyzed our results using all 
of the customary criteria but are not re- 
porting them here; rather, we have chosen 
to detail conclusions concerning some of 
this data.* With this type of information, 
summary is difficult and generalization 
dangerous. However, considering only the 
blood pressure, it would appear that at the 
end of a five-year follow-up: 

Those cases with a preoperative resting 
‘‘controlled’”’ diastolic blood pressure 160 
mm. Hg or higher had a high death rate (50 
per cent) but about half the survivors 
showed a drop of at least 20 mm. Hg in 
their diastolic blood pressure. 

Those cases with a preoperative resting 
‘“‘controlled’”’ diastolic blood pressure of 
140-159 mm. Hg had a death rate of 35 per 
cent. The survivors showed a drop of at 
least 20 mm. in the diastolic blood pressure 
in 50 to 60 per cent of cases. 

Those cases with a preoperative resting 
‘controlled’? diastolic blood pressure be- 
tween 120-139 mm. Hg had a death rate of 
22.2 per cent. The survivors showed a drop 
of at least 20 mm. in the diastolic blood 
pressure in 40 to 60 per cent of cases. 

Those cases with a preoperative resting 
“controlled”? diastolic blood pressure of 
100-119 mm. Hg had a death rate of 13.4 
per cent. The survivors showed a postop- 
erative diastolic blood pressure under 100 
in about 25 per cent of cases. 

Those cases with a preoperative resting 
‘“‘controlled”’ diastolic blood pressure under 
100 mm. Hg had a death rate of 11.5 per 


* The data for this section have been calculated and 
are available in tabular form to those who are interested. 
For editorial reasons they have been eliminated from 
this presentation. 
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cent. The survivors showed diastolic blood 
pressure levels under 100 mm. in about 
50 per cent of cases. 

Stated another way, those cases with a 
preoperative resting diastolic blood pressure 
over 120 mm. Hg showed an appreciable 
sustained drop in blood pressure in about 
half the cases. Those with a preoperative 
blood pressure under 120 mm. Hg showed 
a less dramatic change. The over-all death 
rate of those followed for five years was 
roughly proportional to the height of the 
blood pressure. 

Postoperative Exercise Diastolic Blood Pres- 
sure Levels. ‘The high percentage of low 
postoperative exercise blood pressure sup- 
ports the clinical observation that one of the 
outstanding results of sympathectomy is a 
reduction in blood pressure following exer- 
cise as compared with the customary rise in 
blood pressure seen in normals and hyper- 
tensives following exercise. Similar though 
less marked changes are seen on changing 
from the supine to the standing position. 

It is recognized that in the early postop- 
erative months this postural hypotension is 
an unpleasant side effect of sympathectomy, 
often requiring the use of elastic stockings 
and abdominal binders. Ultimately, how- 
ever, we believe that this may be the most 
salutary result of sympathectomy, reducing 
the level of diastolic blood pressure during 
that part of the day when the patient is most 
active. Theoretically this should reduce the 
work load on the heart and should protect 
the cerebral vascular tree from peaks of 
elevation coincident with effort. It has not 
been determined whether or not a similar 
protective effect is available against eleva- 
tion due to psychic stimuli. 

Effect on Blood Pressure of Various Levels of 
Ganglion Resection. Since the more radical 
forms of surgery have been done only during 
the last two years of the study, long-term 
comparisons could not be made. Compari- 
son of results at the end of the first post- 
operative year revealed no significant differ- 
ence among these groups. 

Subjective Evaluation. Improvement was 
noted during the first year by 80 per cent of 
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the patients. This feeling of satisfaction 
gradually tapered off so that during the 
fourth year of follow-up only 59.0 per cent 
viewed their results as improvement over 
their preoperative state. After five or more 
years postoperatively only 53.4 per cent felt 
improved; however, it should be noted that 
the unknowns in this category were some 
26.6 per cent of the total compared to an 
unknown rate of 2.3 per cent to 13.6 per cent 
for the first four years. The number of in- 
dividuals who were “‘worse”’ or “‘uncertain”’ 
during the entire period was fairly constant 
throughout: 2.1 per cent to 5.0 per cent for 
the former, and 4.3 per cent to 8.3 per cent 
for the latter. “‘No change”’ paralleled ‘‘un- 
certain” for the first three years but rose to 
the vicinity of 20 per cent in the fourth and 
fifth year periods. The statistical significance 
of this is doubtful in view of the numbers 
involved. 

The decline in the percentage of sub- 
jective improvement has several explana- 
tions. One is the return of symptoms due to 
hypertension in some of the cases with a 
poor postoperative result; second is per- 
sistent side effects of sympathectomy (e.g., 
intercostal neuralgia) growing in impor- 
tance in the patient’s mind as his recollec- 
tion of his preoperative complaints becomes 
less vivid with the passage of time. Third is 
the persistence or recurrence of symptoms 
originally ascribed to hypertension but 
actually not due to it (e.g., migraine head- 
aches, nervousness, etc.). 

In spite of this decline in the subjective 
feeling of improvement over a period of 
years we believe this information is of inter- 
est to both the patient and the doctor 
indicating, as it does, a rate of improvement 
of 50 to 60 per cent after five years. If all 
subjective improvement in sympathecto- 
mized hypertensive subjects be considered 
as psychologic in origin, one must grant that 
it is a profound psychic effect which is still 
manifest five years after treatment. 

Effects of Operation on the Ocular Fundus. 
In patients with normal fundi or those 
showing minimal (grade 1) alterations the 
changes following operation were not re- 
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markable; thirty cases (38.5 per cent) and 
seventeen cases (22.7 per cent), respectively, 
were graded as worse. In most instances this 
represented a change from normal to grade 1 
to 11; a result in many cases of a difference in 
interpretation by different observers. In 
fundi with more serious changes the degree 
_ of beneficial change became more striking: 
twenty-five cases (20.1 per cent) of grade n, 
twenty-three cases (39.0 per cent) of grade 
111 and sixteen cases (66.7 per cent) of grade 
1v showed improvement. The most spec- 
tacular and usually the most important 
functional changes were seen in those with 
grade Iv fundi, in whom papilledema, 
hemorrhages and exudates disappeared and 
vision returned to normal. 

Postoperative Electrocardiograms. Electro- 
cardiograms were obtained in 33.7 per cent 
of those survivors who had had preoperative 
electrocardiograms. Most of the tracings 
were made more than a year after operation. 
The patients with normal preoperative 
electrocardiograms showed a low incidence 
of change. Eight (5.3 per cent) were worse, 
seven developed left ventricular hyper- 
trophy, one suffered a myocardial infarction 
and forty-nine (30.8 per cent) showed no 
change. Of those with mild left ventricular 
hypertrophy twenty-three cases (13.2 per 
cent) showed improvement and _ twenty- 
seven (15.4 per cent) no change. Only one 
record was interpreted as worse. Moderate 
to marked left ventricular hypertrophy 
showed improvement in five cases (10.9 per 
cent), no change in eleven (23.9 per cent) 
and an increase in abnormal changes in 
five cases (10.9 per cent). Cases with a myo- 
cardial infarction preoperatively or without 
a preoperative electrocardiogram had such 
a poor follow-up that comment is valueless. 

Postoperative Heart Size. Chest x-rays for 
heart size were obtained in 28.7 per cent of 
the survivors who had been x-rayed pre- 
operatively. Patients with normal heart size 
showed no change in thirty-seven (25.1 per 
cent). Enlargement appeared for the first 
time after operation in five cases (3.4 per 
cent). Diminution of heart size was noted in 
twenty-seven (12.3 per cent) of those with 


preoperative enlargement, no change oc- 
curred in thirty-five cases (15.9 per cent) 
and further enlargement was apparent in 
two cases (0.9 per cent). 

Postoperative Blood Urea Nitrogen Levels. 
These determinations were available in 
30.4 per cent of the survivors. Of the pa- 
tients with a preoperative blood urea level 
of 15 mg. per cent or under, fifty-four cases 
(17.2 per cent) showed no change. Thirty- 
six cases (11.4 per cent) are tabulated as 
worse, though in most cases this represented 
only a slight rise in blood urea level (e.g., 
from 15 mg. per cent to 16—20 mg. per cent). 
Of the forty-six survivors with borderline 
blood levels of 16-20 mg. per cent, seven 
(15.2 per cent) dropped down to normal 
levels; five (10.9 per cent) showed no change 
and six (13.0 per cent) moved into definitely 
elevated levels of 20 mg. per cent or more. 
Of the six survivors with an initial blood 
urea between 20-30 mg. per cent two 
showed an elevation in their postoperative 
blood levels and four were unknown. Of the 
five survivors with preoperative blood urea 
levels above 30 mg. per cent two showed a 
lowering of the postoperative urea level to 
below 30 mg. per cent, one showed no 
change and two were unknown. 

Postoperative Results Tabulated According to 
Arbitrary Classification. ‘Thus far we have 
confined our study to selective results on 
various signs and symptoms of the hyper- 
tensive process following sympathectomy. 
It seemed advisable to apply a more gener- 
ally accessible evaluation of our experience, 
somewhat more rigid but less confusing. In 
the final analysis, one wishes to know how 
frequently a satisfactory blood pressure and 
subjective result was obtained. To answer 
this question we have classified our results as 
follows: 

Excellent: Subjective improvement to- 
gether with a standing* diastolic blood 
pressure under 100 mm. Hg, the original 
standing diastolic blood pressure having 
been over 125 mm. Hg. 


* Standing blood pressure values were used because 
they represent mid-points between the low values after 
exercise and the higher values obtained at rest. 
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Good: Subjective improvement together 
with a significant drop (25 mm. Hg or more) 
in standing diastolic blood pressure the level 
remaining at or above 100 mm; or, sub- 
jective improvement together with a signifi- 
cant drop (25 mm. or more) in standing 


TABLE XX 
OVER-ALL RESULTS—ALL CASES 
No. of | % of All 
Results C C 

Dead—Operative................. 44 8.8 

After operative period and due to 
high blood pressure............. 53 10.6 

After operative period and due to 


diastolic blood pressure, the original stand- 
ing diastolic blood pressure being less than 
125 mm. Hg. 
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Dead: Died as a result of their disease; (1) 
operative deaths, (2) outside the operative 
period and (3) died of other causes. 

Unknown: ‘Those patients operated upon 
over one year before the conclusion of this 
follow-up study (March, 1949) on whom no 
follow-up data had been obtained during 
the year immediately preceding the above 
date. 

As indicated in Table xx, excellent re- 
sults were obtained in 9.8 per cent; good 
results in 17.2 per cent; fair results in 29.2 
per cent; poor results in 11.8 per cent; 22.2 
per cent of the patients were dead at the 
time of follow-up, 8.8 per cent in the course 
of the operation period; 10.6 per cent as a 
result of their disease beyond the immediate 
operative period, and 2.8 per cent of causes 
unrelated to hypertension or to the opera- 
tion after the operative period; 9.8 per cent 
were classified as unknown although we 
know that at least half of these were alive at 
the time these data were collected. 

Over-all Results in Relation to the Severity of 
the Preoperative Hypertension. ‘Table xx1 de- 
tails the results in accordance with the 


TABLE XXI 
FINAL RESULTS ACCORDING TO THE SEVERITY OF THE PREOPERATIVE HYPERTENSION 
Unclassi- 
Results I % II % Ill % IV % fied % 
.. 10 10.4 15} 18.5 18 3 5.6 3} 16.6 
19} 19.8 ani 2.9 5 9.3 4} 22.2 
36 | 37.6 26 | 32.0 68 | 27.0 9} 16.7 
13 | 13.5 5 6.2 34 13.5 5 9.3 at 3a 
Death—Total.......... 8 8.3 9; 11.2 63 | 25.3 30 | 55.4 1 5.6 
Postoperative due to 
Unknown ............. 10 | 10.4 5 6.2 31 12.3 2 3.7 1 5.6 
pra oe remeres 96 | 100.0 81 | 100.0 251 | 100.0 54 | 100.0 18 | 100.0 


Fair: A poor to indifferent subjective re- 
sponse with a significant drop (25 mm. or 
more) in standing diastolic blood pressure; 
or, subjective improvement without a sig- 
nificant drop in standing diastolic blood 
pressure (a drop of less than 25 mm.). 

Poor: The remainder of the living. 
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several grades of the disease as classified by 
Palmer’s modification of the method of 
Keith, Wagener and Barker. 

Inspection of the excellent results suggests 
that group 0 had a higher rate of improve- 
ment than any other group classification 
save the unclassified. However, this differ- 


512 Sympathectomy for Hypertension— Thorpe et al. 


ence is only statistically significant with 
respect to groups m1 and Iv. The difference 
between groups I and II is not statistically 
significant nor is group I significantly higher 
than groups 11 and Iv. Similar findings hold 
for the good results. The superiority of 
group I only holds true with regard to 
groups 11 and Iv statistically. There is no 
statistical difference between groups 1 and 
u. Fair results were quite uniform for 
groups I, 11 and 11 but group Iv was signifi- 
cantly lower than groups 1 and 0. 

Total deaths show no statistical signifi- 
cance between groups I and 1 but there is a 
progressive rise in the rate of about 10 per 
cent for groups I and 1 to 25.3 per cent for 
group 1m and 55.4 per cent for group Iv. 
These differences are clearly significant. 
Operative deaths are not appreciably dif- 
ferent in groups 1 and m but there is a 
significant rise between these and the num- 
ber of deaths in groups m1 and Iv. There is 
no statistically significant difference be- 
tween groups 11 and Iv. Deaths after the 
operative period, due to hypertensive dis- 
ease, were not significantly different between 
groups I and 11 or 1 and 11 but the difference 
between groups I and m1 or 111 and Iv showed 
a significant rise with the more advanced 
classification. 

The survival rate for the various groups 
for the period 35.3 months (mean duration 
between operation and the closing date of 
the follow-up study March, 1949) is as 


follows: 
TABLE XXII A 


Severity Surgically Medically 
of Hypertension Treated | Treated (Palmer) 


Comparison of the figures in column 1 
above with figures in column 2 (interpolated 
from the study by Palmer et al. of 430 cases 
of medically treated hypertensives) shows 
unequivocally that the survival rate in 
groups I, 1 and 11 is not significantly dif- 


ferent whether the patients are treated 
surgically or medically. Only in group Iv 1s 
there a significant difference in favor of the 
operated group. | 

It is of interest to show in detail the 
duration of observation of the patients in 
group Iv: 


TABLE XXII B 
Duration of 


Observation Group Iv 
(yr.) Patients 
0-0.9 4 
1.0-1.9 10 
2.0-2.9 7 
3.0-3.9 16 
4.0-4.9 7 
5.0-5.9 4 
6.0-6.9 6 

Totals 54 


The survival curves in Palmer’s series at 
the four-year period are based on a follow- 
up of only 50 per cent, and at the eight-year 
mark they were able to study only 66.5 per 
cent of the original group of 646 patients. 
In contrast we have succeeded in document- 
ing the course of 90.2 per cent of our group. 
It is possible although by no means certain 
that the survival curve of the medically 
treated group is actually poorer than it ap- 
pears. Comparison with Keith, Wagener 
and Barker’s original series* was not made 
because of the marked difference in the sex 
distribution between their series and ours. A 
similar comparison was recently made by 
Hammarstrém and Bechgaard.? 


TABLE XXIII 
CAUSES OF ALL DEATHS IN ALL CASES OF THE SERIES 


No. of | % of All 

Causes Deaths | Deaths 
Pheochromocytoma............. 2 1.8 

Other (not related to high blood 

Unknown cause................. 13 11.7 


Cardiac deaths lead (32.4 per cent); 
cerebral deaths are a close second (28.9 per 
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cent); renal deaths account for 12.6 per cent 
of the fatalities; suicide, pheochromocytoma, 
other deaths not related to high blood pres- 
sure, and deaths due to unknown causes 
constitute the remainder. We have not 
correlated the operative or total deaths with 


TABLE XXIV 


No. of 
Results % 
Operative deaths.................. 10 12.1 
Postoperative deaths............... 17 20.5 
Total number of cases.............. 83* | 100.0 


* Twenty-five showed clinical residua; the mortality 
figures calculated separately were not significantly dif- 
ferent from the group as a whole. 


all the single items of preoperative data nor 
with any particular combinations of pre- 
operative factors. However, certain theoretic 
considerations plus clinical observation, 
both on our part and by others, indicated 
that selective inquiry might be profitable. 

Mortality in Cases with a _ Preoperative 
History of a Cerebral-vascular Accident. ‘Table 
XxIv relates a pre-existing cerebral vascular 
accident to operative and postoperative out- 
come. The operative mortality in this group 
is slightly higher than that for the entire 
series. 

Mortality in Cases with a_ Preoperative 
History of Mental Confusion. It is apparent 
from data in Table xxv that mental confu- 
sion has a much more ominous significance: 


TABLE XXV 
No. of 
Results Cases % 
Operative deaths.................. 9 40.9 
Postoperative deaths............... 7 31.8 
Total number of cases.............. 22 100.0 


The increase in the operative and postop- 
erative mortality in the presence of mental 
confusion compared with that of the entire 
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group is enough to make the risk of opera- 
tion unwarranted. 

Too few patients with immediate pre- 
operative cardiac failure were operated 
upon to warrant statistical study. 


TABLE XXVI 


No. of 
Operative deaths.................. 17 11.9 
Postoperative deaths............... 14 9.9 
Total number of cases.............. 142 100.0 


Mortality in Cases with a _ Preoperative 
History of Angina Pectoris. A _ history of 
angina pectoris (with due consideration 
paid to the validity of the symptoms) does 
not alter the mortality during or immedi- 
ately after operation or in the remote post- 
operative period. (Table xxv1.) 

Mortality in Cases with a Preoperative History 
of Myocardial Infarction. Patients with a 
history of myocardial infarction have an 
apparently higher mortality but the group 
is small. (Table xxvu..) 


TABLE XXVII 


No. of 
Operative deaths.................. 2 16.7 
Postoperative deaths............... 2 16.7 
Total number of cases.............. 12 | 100.6 


Relationship of Mortality to the Level of 
Nitrogen Retention. A rise in the total death 
rate may be closely correlated with elevated 
preoperative blood urea nitrogen levels. As 
the levels rise the deaths increase. (Table 
XXVIII. ) 

Uremia was the cause of death in a signifi- 
cantly higher percentage of cases only when 
the urea nitrogen exceeded 20 mg. %. 
Sixty-one or 30.2 per cent of the males and 
fifty or 16.8 per cent of the females died in 
the operative and follow-up period. This is 


514 
in accord with the repeatedly observed fact 
that the outlook for male hypertensives is 
significantly poorer than that for females. 
Incidence of Hypertensive Complications Oc- 
curring after the Operative Period.* In addi- 
tion to alleviating symptoms and possibly 


TABLE XXVIII 


Operative Postoperative 
Deaths Deaths Survivors 
Blood Total 
Urea 
| Ne. Ne. No. 
(mg. %) ¢_| Mortality Mortality 
of of % 
Cases /0 Cases 0 Cases 
15 or less 380 29 7.8 37 9.7 314 | 82.5 
16-20 65 9 13.8 10 15.4 46 | 70.8 
21-30 17 5 29.4 6 35.3 61 35.3 
Over 30 12 1 8.4 6 50.0 5 | 41.6 
Unknown 26 0 0 8 30.8 18 | 69.2 
| 500 | 44 67 389 
TABLE XXIX 
Incidence 
Sr No. of in % 
Complication Cases | among 
456 
Cerebral accident................ 38 8.0 
Myocardial infarction............ 17 


prolonging life expectancy, one of the 
major motives for recommending sympa- 
thectomy has been the hope that certain 
complications occurring in the natural 
history of the disease might be averted. To 
study whether or not this objective was 
attained we tabulated the occurrence of 
various complications ascribable to hyper- 
tension or to its ally, atherosclerosis. 

One hundred thirty-one complications 
occurred in sixty-four people, fifty-three of 
whom died. A few of the conditions were 
present in some cases before operation or in 
the immediate postoperative period, 1.e., 
angina pectoris and uremia, but most 
represent problems that arose for the first 

* Includes the dead for whom the cause of death was 


known. 
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time after the individuals left the hospital. 
We know of no method whereby these ob- 
servations may be compared with control 
groups since most other studies with such 
data have either been followed to death or 
for very long periods. It is therefore difficult 
to say whether the occurrence of these events 
is more or less frequent than in an unop- 
erated group in this short space of time. 
Angina pectoris and cerebral accident head 
the list of complications each occurring in 
about 8.5 per cent of the survivors of the 
operation; myocardial infarction and cardiac 
failure each occurred in 3.7 per cent of the 
cases. 
CONCLUSIONS 


1. Five hundred cases of hypertensive 
disease subjected to bilateral thoracolumbar 
sympathectomy between January, 1942, 
and July, 1948, are reviewed in detail. 

2. Excellent results were obtained in 9.8 
per cent; good in 17.2 per cent; fair in 
29.2 per cent; poor in 11.8 per cent; un- 
known in 9.8 per cent; 22.2 per cent were 
known to be dead at the time of follow-up; 
8.8 per cent as a result of hypertensive 
disease beyond the operative period and 
2.8 per cent due to causes unrelated to 
hypertension. 

3. Comparison of the survival curves of 
this group with a comparable medically 
treated group at the end of an average 
period of three years shows no statistically 
significant difference in groups I, 11 and Im. 
In group Iv, however, a significantly higher 
survival rate is apparent in the operated 
group. 

4. In our experience the following should 
be considered as absolute contraindications 
to thoracolumbar sympathectomy: (1) In- 
tractable cardiac failure; (2) renal insuffh- 
ciency which presents a preoperative blood 
urea nitrogen level in excess of 20 mg. per 
cent; (3) evidence of mental confusion; (4) 
a history of a cerebral vascular accident or 
myocardial infarction less than six months 
before operation; (5) a history of a serious 
psychiatric disturbance at any previous 
period, e.g., manic-depressive psychosis, 
severe psychoneurosis, etc. 
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5. ‘This study verifies the experience of 
others that a definite decrease in the dias- 
tolic blood pressure may be obtained in a 
significant number of patients over a fairly 
prolonged period, together with a reversal 
or amelioration in some patients of other 
manifestations of the hypertensive process, 
i.e., fundus changes, ECG, heart size, etc. 
The survival rate for hypertensive patients 
graded 1, 11 and m1 by Palmer’s modification 
of Keith, Wagener and Barker’s classifica- 
tion has not been altered in this series and 
therefore the ultimate criterion for reversal 
of the hypertensive process has not been 
satisfied. 

6. Whatever indications or contraindica- 
tions for sympathectomy are held, it appears 
from our data that the operation of choice is 
the original Smithwick procedure. The 
degree of blood pressure reduction and sub- 
jective improvement obtained with more 
extensive procedures do not justify the in- 
creased morbidity, postoperative complica- 
tions and higher mortality rate. 

7. If one excludes the patients with con- 
traindications listed in paragraph 4 of the 
conclusions, it is our opinion that thoraco- 
lumbar sympathectomy is indicated as a 
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palliative procedure for hypertensive pa- 
tients in class Iv and probably in selected 
cases in class m1. In our experience it is the 
most effective form of therapy available for 
such patients. 
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Causes of Death in Hypertension’ 


DonaLp E. SMITH, M.D., HowarD M. ODEL, M.D. and JAMES W. KERNOHAN, M.D. 


Rochester, Minnesota 


ARLY in the evolution of hypertensive 
heart disease the importance of 
examination of the ocular fundi 

was noted.'”?® By comparing such findings 
with clinical observations Wagener and 
Keith,*! and later Keith, Wagener and 
Kernohan,!!"!* were able to differentiate 
the malignant form of essential hypertension 
from the benign form. By further study in 
which particular attention was paid to the 
the arteriolar changes throughout the body 
resulting from hypertensive disease, Wag- 
ener and Keith*? were able to develop a 
classification for essential hypertension. 
Wagener?**® also pointed out that retinal 
findings did not represent a fixed entity; a 
patient who on initial examination was 
considered to have hypertension, group 1 
or 2, might at a later date show definite 
evidence of an added angiospastic factor 
and would then be considered to have 
hypertension, group 3 or 4. On the other 
hand, in certain individuals initially con- 
sidered as having hypertension, group 3 and 
occasionally group 4, regression of the 
angiospastic features might occur and the 
hypertensive disease thus might revert to 
group 2 and even to group 1. 

Numerous investigators 18,20:21,24,25 
in the past twenty years have studied ar- 
teriolar changes in different organs and 
tissues of the body in benign and malignant 
hypertension. The evidence accumulated 
from these studies has substantiated the 
basic idea that essential hypertension, and 
especially malignant hypertension, is a 
diffuse arteriolar disease affecting all organs 
in varying degree; also that a definite 
correlation exists between the _ severity 
of hypertension and the degree of ar- 
teriolar involvement. Many investigators 


also have reported their findings relative 
to the final cause of death in essential 
hypertension. 22,28 

The association of hypertension and 
coronary sclerosis is more than a casual one. 
According to Bell and Clawson in ap- 
proximately two-thirds of all clinical cases 
of coronary disease hypertension is asso- 
ciated, and Fahr has stated that 75 per cent 
is a conservative estimate for the number of 
patients with coronary disease who at some 
time have hypertension. 

Blackford and Wilkinson found hyper- 
tension occurring twice as frequently in 
women as in men; however, the mortality 
rate after ten years was twice as great in 
men. Stein and Barnes also noted a more 
common occurrence of hypertension in 
women and found that hypertensive females 
survived longer than hypertensive males. 
The majority of patients having benign 
hypertension die after the age of fifty years, 
and the majority of patients having malig- 
nant hypertension die before reaching the 
age of fifty.* 

Cardiac hypertrophy as a result of hyper- 
tension has been observed and discussed by 
practically all investigators who have writ- 
ten on hypertension. Stein and Barnes have 
concluded that the degree of cardiac 
hypertrophy appears to be closely related 
to the severity of hypertension but unrelated 
to duration of the disease. 


SELECTION OF CASES AND METHOD OF STUDY 


Although a total of 2,650 records of cases of 
hypertension which came to necropsy at the 
Mayo Clinic from 1924 to 1948 inclusive were 
reviewed, only 376 cases of primary or essential 
hypertension were considered as suitable for our 
study. Cases of hypertension in which there was 


* From the Mayo Foundation, Division of Medicine and Section on Pathologic Anatomy, Mayo Clinic, 
Rochester, Minn. 
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a known etiologic factor, such as the hyper- 
tension associated with valvular heart disease, 
glomerulonephritis, polycystic disease of the 
kidneys and others, were excluded. 

On the basis of examination of the ocular 
fundi the hypertension was classified into the 
four groups described by Keith, Wagener and 
Barker.'*:? For our study there were 100 cases 
each of hypertension, groups 1, 2 and 4, and 76 
cases of hypertension, group 3. As much indi- 
vidual variability as possible was eliminated by 
using cases only in which examination of the 
ocular fundi had been performed by one or the 
other of two ophthalmologists. 

Patients having minimal to grade 1 retinal 
arteriolosclerosis and minimal to grade 1 nar- 
rowing of the arterioles were considered to have 
hypertension, group 1.%* Patients who had 
generalized retinal arteriolosclerosis, grade 1 
or 2, and generalized narrowing of the arte- 
rioles, grade 1 or 2 and occasionally grade 3, 
were considered to have hypertension, group 2. 
In some fundi there were areas of focal con- 
striction and at times focal arteriolosclerosis. In 
an occasional fundus there were areas of hemor- 
rhage. All the patients who had hypertension, 
group 3, had severe retinal arteriolar changes, 
generalized retinal arteriolosclerosis, grade 2 
to 3, and generalized narrowing of the ar- 
terioles, grade 2 to 3. In many of the fundi there 
were focal constrictions in the arterioles and 
focal arteriolosclerosis. All patients had edema 
of the retina, cotton-wool patches and hemor- 
rhages. Often residues of edema were noted in 
the form of macular stars or scattered punctate 
deposits. Patients whose hypertension was con- 
sidered as group 4 had edema of the optic disks 
in addition to the retinitis described as indica- 
tive of hypertension, group 3. 

The blood pressure of patients who had hyper- 
tension, group 1, was labile; during periods of 
rest 1t would return to normal. In an occasional 
instance there was evidence of cardiac or renal 
damage. The blood pressure of patients who 
had hypertension, group 2, was higher arid there 
was less fluctuation. In most cases of hyper- 
tension, group 2, the blood pressure was lower 
at rest but rarely fell to normal levels. In many 
cases there was clinical and laboratory evidence 
of previous cardiac, renal or cerebral insuff- 
ciency. Some of the patients in this group 
originally had hypertension, group 1, but the 
condition had progressed over a period of years 
and later was classed as group 2. The blood 
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pressure of patients with hypertension, group 3, 
was higher and more sustained; there was less 
fluctuation even when the patient was at rest. 
The majority of patients had definite evidence 
of diminished cardiac reserve, renal reserve and 
cerebral impairment. Decreased cardiac reserve 
was manifested by previous episodes of cardiac 
failure, or previous history and electrocardio- 
graphic findings compatible with coronary 
disease. In almost every instance there was 
clinical and roentgenologic evidence of cardiac 
enlargement. Renal impairment often was 
manifested by a low urinary specific gravity, 
albuminuria and, in some cases, casts and 
cellular elements in the urine. The level of urea 
in the blood was invariably elevated. ‘The history 
and physical findings in some cases gave good 
evidence of a previous cerebral vascular acci- 
dent; in others the symptomatology strongly 
suggested impending cerebral failure. Blood 
pressure of patients who had hypertension, group 
4, was in most instances higher than that in 
the other three groups. In the majority of cases 
there was evidence of previous cardiac, renal and 
cerebral insufficiency. 

In view of the fact that hypertension in some 
patients changed from one group to another 
during the course of the disease, they were con- 
sidered to have hypertension of the group 
classified at the time of death. Since the change 
in group has in some instances been found to 
occur rapidly, only those cases were used in 
which a recent funduscopic examination had 
been made. 

In addition to necropsy findings the clinical 
course was considered in determining the 
immediate cause of death in each of the 376 
cases. In some instances a careful appraisal of 
all available information was necessary in order 
to make a final diagnosis. The cause of death in 
these cases fell into five categories: (1) congestive 
heart failure, (2) coronary disease, (3) cerebro- 
vascular accident, (4) uremia and (5) all causes 
unrelated to hypertension. At necropsy in cases 
in which congestive heart failure was con- 
sidered the cause of death, there was evidence of 
passive congestion of one or several organs or 
dilation of the chambers of the heart or both. In 
some cases there was hydrothorax or ascites. In 
many patients dying from other causes there also 
was evidence of varying degrees of heart failure. 
In these cases circumstances prevailing at the 
time of death were carefully considered. The 
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diagnosis of congestive failure was made only 
when the bulk of evidence was in its favor. 

In cases in which death was due to coronary 
disease, death occurred rapidly with the patient 
presenting a picture of shock. At necropsy either 
recent thrombosis of a coronary artery with or 


TABLE I 
CAUSES OF DEATH ACCORDING TO GROUP OF HYPERTENSION 


Hypertension 
Total 
G G G 
Cause of Death Group 3 
Cases | Cases Cases 
No Per or or or 
cent | Per Per No Per | Per 
cent | cent cent | cent 
Congestive heart failure} 98) 26.1 21 26 | 30 | 39.5 21 
Coronary disease...... 20 9] 11.8 
Cerebrovascular acci- 

56| 14.9 9 17 | 14 | 18.4 16 
20.2 3 21 %2 1 59 
109) 2 60 35 | 11 | 14.5 3 

376|100.0; 100 100 | 76 |100.0) 100 
without myocardial infarction or coronary 


sclerosis of sufficient degree to produce severe 
coronary insufficiency with or without myo- 
cardial infarction was found. In the cases in 
which there was severe coronary disease plus 
varying degrees of cardiac failure, the clinical 
course and the findings at necropsy were care- 
fully appraised. The final classification de- 
pended on where the bulk of evidence lay. This 
difficult, but fortunately, small group has un- 
doubtedly produced a small amount of error 
between the first two categories. This discrep- 
ancy, however, is eliminated if the two groups 
are combined. Also included here are two cases 
of myocardial infarction complicated by rupture 
of the myocardium. 

Cerebrovascular accident was listed as the 
cause of death only in cases of cerebral hemor- 
rhage and cerebral infarction. Cases of ruptured 
congenital aneurysm were excluded because of 
the indefinite association between this condition 
and hypertension. The brain was examined at 
necropsy in all but six cases in which cerebro- 
vascular accident was considered the cause of 
death. In three of these six cases the clinical 
picture was compatible with cerebral infarction, 
and in the other three cases it supported a 
diagnosis of cerebral hemorrhage. 

In many cases in which uremia was con- 
sidered the cause of death cardiac failure was 
associated but in most instances there was little 
difficulty in making a differential diagnosis. 


Patients dying from causes unrelated to 
hypertension died from carcinoma, brain tumor, 
surgical complications, infection, blood dys- 
crasias and other less common causes. 

In addition to the cause of death the asso- 
ciated conditions were studied also in relation 
to the primary cause of death and the group of 
hypertension. These consisted of congestive 
heart failure, coronary disease (coronary scle- 
rosis with or without occlusion), evidence of 
cerebrovascular accidents, uremia or renal 
insufficiency. The coronary sclerosis was not 
considered significant unless there were areas 
with 25 per cent or more occlusion of the lumen. 
In some cases there was almost complete occlu- 
sion of the lumen and in some there was myo- 
cardial fibrosis and scarring as evidence of 
previous myocardial infarction. The criterion 
for renal insufficiency was a value for blood urea 
of more than 40 mg. per 100 cc. Other criteria 
were the presence of albuminuria and a low 
specific gravity and in some cases hyaline and 
granular casts in the urinary sediment. 


RESULTS 


Diffuse Arteriolar Disease with Hypertension, 
Group 71. The causes of death in each of 
the four hypertensive groups are recorded 
in Table 1. In Table 1 the sex incidence 1s 
included. Only 40 of the 100 patients who 
had hypertension, group 1, died of causes 
related to hypertension. Congestive cardiac 
failure accounted for twenty-one of the 
forty deaths. Comprising this group were 
sixteen males and five females. Nine deaths 
were due to cerebrovascular accidents, all 
nine occurring in male patients. Of the 
seven patients dying of coronary disease, 
six were males. There were three deaths 
due to uremia. All were male patients. 
Other causes of death consisted of nine 
cases of brain tumor, eight of broncho- 
pneumonia, eight of fatal pulmonary em- 
bolism, seven of carcinoma, six of peri- 
tonitis, five of ruptured cerebral aneurysm, 
two of blood dyscrasias and two of Hodg- 
kin’s disease. ‘The remaining thirteen pa- 
tients died of a variety of unrelated causes, 
various types of infection predominating. 

Thirty-one (77.5 per cent) of the forty 
patients dying as a result of hypertension 
had clinico-pathologic evidence of impair- 
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ment of more than one type. (Table m1.) Three patients, in addition to the nine 
Significant coronary disease was found in dying of cerebrovascular accidents, had 
82.5 per cent of the forty patients. In addi- _ definite clinical evidence of previous strokes. 
tion to the seven patients dying of coronary The brain was not examined at necropsy in 
disease there were twenty-six who had a __ these three patients. The brain was ex- 


significant degree of coronary sclerosis. amined in seven of the nine patients dying 
TABLE I 
SEX INCIDENCE ACCORDING TO CAUSE OF DEATH AND GROUP OF HYPERTENSION 
Total 
(376 patients) Group 1 Group 2 Group 3 Group 4 
Cause of Death Males — 
Fe- Fe- Fe- Fe- 
No. | Percent! No. | Percent 
Congestive heart failure..| 71 26.7 | 27 | 24.5] 16 5 23 3 16 14 16 5 
Coronary disease........ 26 9.8; 11 10.0 6 1 14 6 5 4 1 0 
Cerebrovascular accident.| 39 | 14.7 17 15.5 9 0 11 6 9 5 10 6 
60 | 22.5; 16] 14.5 3 0 1 1 7 5 49 10 
Other causes........... 70 | 26.3} 39} 35.5] 40 20 19 16 8 3 3 0 
MG hs bo ce ek 266 | 100.0 | 110 | 100.0 | 74 26 68 32 45 31 79 21 
TABLE III 
DEATHS AS A RESULT OF HYPERTENSION IN CASES OF HYPERTENSION, GROUP 1 
Cause of Death 
Secondary Conditions Congestive Total 
Coronary 
Heart Di vascular | Uremia 
Failure Accident 
Congestive heart failure... .. 5* 0 0 1 6 
Cerebrovascular accident... .. 0 1 1 0 2 
Congestive heart failure and coronary disease.............. 0 0 1 1 2 
Congestive heart failure and cerebrovascular accident....... 0 1 0 0 1 
Congestive heart failure and uremia.................-.... 0 2 0 0 2 
Coronary disease and cerebrovascular accident............ 1 0 0 0 1 
Coronary disease and uremia....................0000005. 8 0 1 0 9 
Additional cases in which condition was found but was not 


* Numbers in bold face indicate cases in which no secondary conditions were noted. 

t These do not total correctly because the same patient sometimes had three lesions. 
In addition to the twenty-one patients as a result of cerebrovascular accidents. In 
dying from cardiac failure six others had four instances death was due to massive 


clinically significant degrees of congestive hemorrhage and in the remaining three 
failure. there was cerebral infarction. In the two 
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cases in which the brain was not examined 
the clinical picture was typical for cerebral 
infarction. 

Uremia was the cause of three deaths. 
Eleven additional patients had varying 
degrees of clinically significant renal in- 
sufficiency. This total of fourteen patients is 
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tension had significant clinico-pathologic 
impairment of more than one system. Seven 
patients had significant clinico-pathologic 
impairment of all the four systems affected 
by hypertension. ‘Twenty-five patients had 
significant impairment of various combina- 
tions of three systems. (Table tv.) 


‘TABLE IV 
DEATHS AS A RESULT OF HYPERTENSION IN CASES OF HYPERTENSION, GROUP 2 
Cause of Death 
Secondary Lesions Total 
Heart sat vascular | Uremia 
Failure Accident 
ee 2 5 0 0 7 
Congestive heart failure and uremia...................... 0 2 0 0 2 
Coronary disease with cerebrovascular accident............ 3 0 0 0 3 
12 0 3 0 15 
Cerebrovascular accident and uremia..................... 2 3 0 0 5 
Coronary disease, uremia, cerebrovascular accident and con- 
3 0 4 0 7 
Additional cases in which condition was found but was not 


* Numbers in bold face indicate cases in which no secondary conditions were found. 
t These do not total correctly because the same patient sometimes had three lesions. 


equal to 35 per cent of the forty patients 
dying as a result of hypertension in this 
group. 

Diffuse Arteriolar Disease with Hypertension, 
Group 2. In hypertension, group 2, death 
in sixty-five patients was due to causes 
related to hypertension and in thirty-five to 
other causes. Again congestive heart failure 
accounted for the majority of deaths. 
(Tables 1 and tv.) Of the thirty-five patients 
dying of causes unrelated to hypertension 
eight died of brain tumor, four each died of 
carcinoma and peritonitis, three each of 
ruptured cerebral aneurysm and pulmonary 
embolism and two of bronchopneumonia. 
The remaining eleven patients died of mis- 
cellaneous causes. The sex incidence is 
given in Table u. 

Fifty-seven patients (87.7 per cent) of 
the sixty-five dying as a result of hyper- 


As in hypertension, group 1, significant 
coronary artery disease again predominated. 
It was present in fifty-seven patients (87.7 
per cent of the sixty-five dying as a result 
of hypertension). Twenty-three of thirty- 
seven patients in whom it was a secondary 
lesion had a severe degree of coronary 
sclerosis and evidence of previous myo- 
cardial infarction. Myocardial infarction 
was evident in all twenty patients dying of 
coronary disease; in twelve there was recent 
coronary artery thrombosis. ‘Two patients 
in this group died of cardiac rupture and 
intrapericardial hemorrhage. Both patients 
had recent thrombosis of the anterior 
descending branch of the left coronary 
artery and anterior left ventricular myo- 
cardial infarction. In both cases rupture 
was at the apex of the left ventricle. 

Renal insufficiency occurred in'58.5 per 
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cent of the sixty-five patients dying of 
causes related to hypertension. 

Fourteen patients, in addition to the 
seventeen dying of cerebrovascular acci- 
dents, had clinico-pathologic evidence of 
cerebral insufficiency. The brain was ex- 
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conditions not associated with hypertension 
bronchopneumonia was the cause of death 
of three patients, carcinoma of two, and 
ruptured cerebral aneurysm, ruptured ab- 
domino-aortic aneurysm, brain tumor, peri- 
tonitis, empyema and obstructive jaundice 


TABLE V 
DEATHS AS A RESULT OF HYPERTENSION IN CASES OF HYPERTENSION, GROUP 3 
Cause of Death 
Secondary Lesions Congantive Total 
Heart rat vascular | Uremia 
Failure — Accident 
Commpestive . . 1* 2 0 4 7 
Cerebrovascular 0 2 2 1 5 
Congestive heart failure and coronary disease....... ee aera 0 0 0 2 3 
Congestive heart failure and uremia...................... 0 3 2 0 5 
Coronary disease and uremia....................0000 eee: 15 0 6 0 21 
Coronary disease, uremia, cerebrovascular accident and con- ; 
Additional cases in which condition was found but was not | 


* Numbers in bold face indicate cases in which no secondary conditions were found. 
t These do not total correctly because the same patient sometimes had three lesions. 


amined at necropsy in seven of the fourteen 
cases and areas of previous infarction were 
found. In the remaining seven cases clinical 
histories and findings clearly indicated 
previous cerebrovascular accidents. Cere- 
bral infarction accounted for eleven of the 
seventeen deaths due to cerebrovascular 
accidents; the six remaining deaths were 
due to cerebral hemorrhage. The cases of 
cerebral hemorrhage were equally divided 
between the sexes. Of the cerebral infarc- 
tions three occurred in females and eight in 
males. In all seventeen cases the brain was 
examined at necropsy and the final diag- 
nosis was made from this examination. 
Diffuse Arteriolar Disease with Hypertension, 
Group 3. Sixty-five of the total of seventy- 
six patients who had hypertension, group 3, 
died of causes related to hypertension. 
(Tables 1, 1 and v.) Congestive heart failure 
again accounted for the largest number of 
deaths, 39.6 per cent of the total. Of the 
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with hepatic insufficiency each caused death 
of one patient. 

Sixty-one (93.8 per cent) of the sixty-five 
patients dying as a result of hypertension, 
group 3, had significant impairment of more 
than one system. There were twenty-nine 
patients with impairment of three systems 
and four patients with all four systems af- 
fected. (Table v.) | 

Seventy-seven per cent of the sixty-five 
patients dying of the complications of hyper- 
tension had significant renal insufficiency. 

There was a definite decline in the fre- 
quency of significant coronary artery disease 
occurring in patients in this group. Only 
72.3 per cent of the sixty-five patients dying 
of hypertensive causes had this lesion. At 
necropsy there was evidence of myocardial 
infarction in all nine patients dying of cor- 
onary disease, and in four cases there was a 
recent thrombus occluding one of the cor- 
onary vessels. 


‘ 
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Congestive heart failure was found in 
fifteen patients in addition to the thirty 
patients dying of this condition. 

In addition to the fourteen patients dying 
of cerebrovascular accidents seven pre- 
sented evidence of cerebral impairment. In 


fifty-nine instances (59 per cent). Of the 
three patients not dying as a result of hyper- 
tension, one died of hemorrhage from a 
chronic duodenal ulcer, one died after rup- 
ture of an aneurysm of the circle of Willis 
and the other patient of a dissecting aneu- 


TABLE VI 
DEATHS AS A RESULT OF HYPERTENSION IN CASES OF HYPERTENSION, GROUP 4 
Cause of Death 
Secondary Lesions Total 
Heart tg vascular | Uremia 
Failure Accident 
Congestive heart failure and coronary disease. ............. 0 0 0 12 12 
Congestive heart failure and cerebrovascular accident....... 0 0 0 4 4 
Congestive heart failure and uremia. ..................... 0 0 1 0 1 
Coronary disease and cerebrovascular accident............ 0 0 0 5 5 
and wremtia.. .. 13 0 2 0 15 
Cerebrovascular accident and uremia.................... 1 0 0 0 1 
Coronary disease, cerebrovascular accident, congestive heart 
Additional cases in which condition was found but was not 


* Numbers in bold face indicate cases in which no secondary conditions were found. 
tT These do not total correctly because the same patient sometimes had three lesions. 


six the brain was examined at necropsy and 
old areas of infarction were present. In the 
seventh case there were residua of a previous 
hemiplegia. In all but one of the fourteen 
cases in which cerebrovascular accident was 
considered the cause of death the final diag- 
nosis was made by examining the brain at 
necropsy. In the one case in which the brain 
was not examined the clinical course was 
compatible with cerebral hemorrhage. Cere- 
bral hemorrhage occurred in ten cases; in 
three in female patients and seven in males. 
The four remaining cases of cerebral infarc- 
tion were divided equally between the sexes. 

Diffuse Arteriolar Disease with Hypertension, 
Group 4. Of the 100 patients who had 
hypertension, group 4, ninety-seven died as 
a result of the hypertension. (Tables 1, 1 
and vi.) Uremia was the cause of death in 


rysm of the aorta with rupture into the 
pericardium. | 

Eighty-six (88.7 per cent) of the ninety- 
seven patients dying hypertensive deaths 
had more than one system impaired. (Table 
vi.) There were thirty-eight patients with 
significant impairment of three systems and 
fifteen patients with all four systems affected. 
Renal insufficiency was the predominating 
feature of this group; eighty-nine (91.7 per 
cent) of the ninety-seven patients had vary- 
ing degrees of renal insufficiency. (Table v1.) 
Coronary disease which predominated in 
the milder groups decreased rather mark- 
edly; fifty-five (56.7 per cent) of the ninety- 
seven patients had evidence of coronary 
sclerosis. Forty-seven patients had cardiac 
decompensation besides the twenty-one who 
died as a result of cardiac failure. 
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There were twenty-three patients with 
cerebral impairment besides the sixteen pa- 
tients succumbing to cerebrovascular acci- 
dents. ‘he brain was examined at necropsy 
in twenty of the twenty-three patients and 
in every case small areas of old infarction or 


923 


a mean age of 55.8 years. The youngest pa- 
tient was a female, who had hypertension, 
group 4, while the oldest was a male who 
had hypertension, group 1. The difference 
in the age at death in the various groups is 
rather significant. Of the 100 patients in 


TABLE VII 
AGE AT DEATH ACCORDING TO GROUP AND SEX OF PATIENT 
Total Group 1 Group 2 Group 3 Group 4 
Age at Death, 
(yr.) 

No. | Per cent | Males | Females| Males | Females} Males | Females| Males | Females 
20-29 7 1.9 0 0 0 0 1) 1 3 3 
30-39 30 8.0 1 0 2 0 4 2 16 5 
40-49 69 18.4 6 4 4 5 13 7 22 8 
50-59 125 33.2 23 9 25 9 16 12 27 4 
60-69 97 25.8 27 8 27 9 9 6 10 1 
70-79 46 ¥2.2 15 5 10 9 3 3 1 0 
80-89 2 0.5 2 0 0 0 0 0 0 0 
Total 376 100.0 74 26 68 32 45 31 79 21 
Mean by sex 62.1 60.5 60.1 61.3 53.6 53.7 48.1 42.6 
Highest age (yr.) 84 84 77 79 77 77 74 75 62 
Lowest age (yr.) 22 39 44 30 40 37 26 23 22 
All cases 55.8 61.7 60.5 53.6 47.0 


hemorrhage was found. In most cases there 
were multiple lesions in the brain. The 
clinical findings were definite in the three 
cases in which the brain was not examined. 
The sixteen deaths due to cerebrovascular 
accidents were equally divided between 
cerebral infarction and cerebral hemor- 
rhage. Of the eight patients dying of cere- 
bral infarction there were three females and 
five males; of the eight dying of hemorrhage 
there were also three females and five males. 
The findings were confirmed by necropsy 
examination of the brain in thirteen in- 
stances. In the other three cases the clinical 
course was compatible with cerebral hemor- 
rhage in two and cerebral infarction in one. 


AGE AND SEX 


In Table vu the age at death, according 
to group, the mean age at death and the sex 
incidence are recorded. By referring to this 
table one can see that the oldest patient in 
this series was eighty-four years of age and the 
youngest was twenty-two years of age with 
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group 1, eighty-nine (89 per cent) were 
fifty years of age or older, and all but two of 
these died between the age of fifty and 
seventy-nine years. The mean age of pa- 
tients who had hypertension, group 1, at 
death was 61.7 years. 

In group 2, as in group 1, eighty-nine 
patients (89 per cent) died at fifty years of 
age or more, and all eighty-nine died be- 
tween the ages of fifty and seventy-nine. 
Seventy patients, however, died between 
the ages of fifty and sixty-nine. In the cases 
of hypertension, groups 1 and 2, there was 
little difference between the male and fe- 
male mean age at death, and little or no dif- 
ference between the ages of those dying of 
causes related to hypertension and those 
dying of other causes. 

The first really significant change is seen 
in the cases of hypertension, group 3. The 
mean age at death was 53.6 years. There 
was little difference between the male and 
female mean age at death. Sixty-three (82.9 
per cent) of the patients died between the 
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ages of forty and sixty-nine. Forty-nine 
(64.4 per cent) died at age fifty years or 
more. 

Another significant change is seen in the 


cases of hypertension, group 4. ‘The mean 
age at death was forty-seven years. ‘The 
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COMMENT 


The number of deaths resulting from 
hypertension, groups 1, 2 and 3, in this 
series appear somewhat lower than those in 
some series reported in the literature. Those 
due to hypertension, group 4, compare 


TABLE VIII 
WEIGHT OF THE HEART ACCORDING TO GROUP OF HYPERTENSION AND SEX OF PATIENT 
Total Group 1 Group 2 Group 3 Group 4 
the Heart, 

(gm.) Males | Females! Males | Females! Males | Females| Males | Females| Males | Females 
200-299 0 1 0 1 0 0 0 0 0 0 
300-399 18 37 10 14 5 18 2 2 1 3 
400-499 56 29 26 6 13 8 9 7 8 8 
500-599 78 26 23 5 19 3 7 14 29 4 
600-699 64 14 10 0 17 3 12 5 25 6 
700-799 30 2 4 0 8 0 6 2 12 0 
800-899 14 0 0 0 4 0 7 0 3 0) 
900-999 2 1 0 0 1 0 1 1 0 0 

1,000-—1,099 | 3 0 1 0 1 0 1 0 0 0 
1,100-—1,199 1 0 0 0 0 0 0 0 1 0 
Total 266 110 74 26 68 32 45 31 79 21 
Mean by sex 586.1 468.7 522 393.3 590 417.7 633.3 551 616.1 519 
Lightest 317 200 317 200 340 310 338 305 386 356 
Heaviest 1,100 958 1,070 594 1,030 690 1,030 958 {1,100 692 
All cases 551.8 488 .4 534.8 600 595.7 


mean age of death for the male patients was 
48.1 years; for the female patients it was 
42.6 years. Approximately 50 per cent of 
the male patients were 50 or more years of 
age at the time of death whereas only ap- 
proximately 24 per cent of the female pa- 
tients were fifty or more years of age. 
Eighty-two patients (82 per cent) died be- 
tween the ages of thirty and fifty-nine years, 
and only forty-three (43 per cent) died at 
the age fifty or more years. 


CARDIAC WEIGHTS 


The weight of the heart recorded is the 
absolute weight at the time of necropsy. In 
every instance the heart was enlarged.?® For 
the entire series of 376 patients the mean 
weight of the heart was 551.8 gm. The light- 
est heart weighed 200 gm. and the heaviest 
weighed 1,100 gm. The mean weights and 
extremes of patients who had hypertension 
of various groups and for males and females 
are given in Table vin. 


quite closely. ‘The reason for this difference 
is due to selection.? Only those cases were 
included in this study in which the retina 
had been examined and which had come 
to necropsy at the Mayo Clinic. Many of the 
patients dying of causes not related to hy- 
pertension succumbed to carcinoma, brain 
tumors and postoperative complications. In 
these cases hypertension was an incidental 
finding and was in most instances not known 
prior to admission to the clinic. Of the 276 
patients comprising the first three groups, 
106 died of causes unrelated to hyperten- 
sion. If the remaining 170 patients who died 
of causes related to hypertension are con- 
sidered, the results of this study are in gen- 
eral agreement with the reports in the litera- 
ture. (Table 1.) 

It has been observed that the hyperten- 
sion of many patients changes from one 
group to another during the course of the 
illness. In some cases it may even progress 
to group 4 and later revert back to one of 
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the other groups. In this study an attempt 
was made to correlate the change of hyper- 
tension from one group to another with 
duration of life after onset of symptoms, 
progression of the disease and prognosis. 
Unfortunately, because of selection and in 
some cases lack of sufficient data, such cor- 
relation was not possible. * 

Keith and his co-workers" in one of their 
early reports stressed the fact that patients 
with malignant hypertension do not as a 
rule die from failure of one vital organ but 
rather from simultaneous failure of several. 
In the present study this feature was ob- 
served not only among patients dying of 
hypertension, group 4, but also among 
those dying of benign hypertension. In fact, 
there was not a very marked difference be- 
tween the various groups. This made it 
rather difficult in some instances to deter- 
mine the actual cause of death, especially 
in those cases in which severe coronary 
sclerosis and congestive heart failure were 
present. 

It is interesting to note that the highest 
percentage of association of moderate to 
severe coronary sclerosis with hypertension 
(87.7 per cent) was seen in the cases of 
hypertension, group 2, and the lowest (56.7 
per cent) in the cases of hypertension, 
group 4. This is most likely due to the fact 
that patients who have hypertension, group 
4, die before severe coronary sclerosis can 
develop. These figures are derived only 
from those patients dying of causes related 
to hypertension. : 

Renal insufficiency and its association 
with hypertension often has been the sub- 
ject for extensive discussion. In this study 
there was a definite correlation between this 
and the severity of hypertension. When only 
those patients dyirg from causes related to 
hypertensive deaths were considered, the 
incidence of association of renal insufficiency 
varied from 35 per cent in cases of hyper- 
tension, group 1, to 91.7 per cent in hyper- 
tension, group 4. 

In accordance with the observations 
made by others uremia was the chief cause 
of death among the patients with hyper- 
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tension, group 4; 59 per cent died of uremia 
in our series. At necropsy twenty-two of the 
fifty-nine (37.3 per cent) had uremic peri- 
carditis. The mean age of the patients dying 
of uremia was 45.3 years; the mean age for 
all the patients who had hypertension, 
group 4, was forty-seven years. The mean 
value for blood urea for the fifty-nine 
uremic patients was 290 mg. per 100 cc. 
with a range from 80 to 651 mg. Serum 
creatinine determinations were available in 
fifty-two of the fifty-nine cases. The mean 
values for serum creatinine was 12.2 mg. 
per 100 cc. with a range from 3.0 to 35.2 mg. 

A total of fifty-six patients of the entire 
series of 376 died of cerebrovascular acci- 
dents. In all but six instances the brain was 
examined at necropsy. In these six cases the 
clinical picture was conclusive. Cerebral 
hemorrhage and encephalomalacia occurred 
in twenty-eight cases each. In Bell and 
Clawson’s series the brain was examined in 
seventy-six of eighty-one cases. Cerebral 
hemorrhage was present in fifty instances 
and encephalomalacia in twenty-six. 

The brains were examined at necropsy 
in the twenty cases in which the patients 
who had had hypertension, group 4, and 
prior to death had had clinical evidence of 
cerebral impairment as well as in the cases 
in which the patients died of cerebral 
lesions. In each instance the postmortem 
findings were those described by Rosenberg, 
that is, intracerebral and _ extracerebral 
edema and multiple miliary hemorrhages 
or infarcts or both. | 

In this study there was a definite relation- 
ship between the mean age at death and the 
respective groups. (Table vir.) The majority 
of patients with hypertension, groups 1 and 
2, died at a later age than did patients who 
had hypertension, groups 3 and 4. Eighty- 
nine per cent of the former died at age fifty 
years or more whereas only 64.4 per cent of 
patients with hypertension, group 3, and 
43 per cent of group 4 patients lived that 
long. 

The sex ratio in those patients coming to 
necropsy during the period of this report 
was 2.3 males to 1 female. Differences in 
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sex ratio in the respective groups may well 
be a result of selection; consequently no 
definitive conclusions can be drawn between 
the sex incidence of each group. 

A relation can be seen between the weight 
of the heart and the severity of the hyper- 
tension. (Table vir.) The mean weight of 
the heart in cases of hypertension, group 1, 
was 488.4 gm.; of group 2, 534.8 gm.; of 
group 3, 600 gm., and of group 4, 595.7 gm. 
The mean for the entire series was 551.8 gm. 
An attempt was made to correlate the 
weight of the heart with the known duration 
of the hypertension but it was impossible to 
show any correlation. 


SUMMARY AND CONCLUSIONS 


For this study 376 cases of primary hyper- 
tension were selected from 2,650 consecutive 
cases of hypertension coming to necropsy 
at the Mayo Clinic during twenty-four 
years. The main basis for selection was 
examination of the ocular fundi. The 
classification of hypertension devised by 
Wagener and Keith was used. One hundred 
patients each had hypertension, groups 1, 2 
and 4, and seventy-six of group 3. The 
final cause of death was determined in each 
case. 

Of 100 patients who had hypertension, 
group 1, forty died of causes related to 
hypertension; congestive heart failure and 
coronary disease were causes in twenty- 
eight cases (28 per cent), cerebrovascular 
accidents in nine cases (9 per cent) and 
uremia in three cases (3 per cent). 

Of 100 patients who had hypertension, 
group 2, sixty-five died of causes directly 
related to hypertension. Congestive heart 
failure and coronary disease were present 
in forty-six cases (46 per cent), cerebro- 
vascular accidents in seventeen cases (17 
per cent) and uremia in two cases (2 per 
cent). 

Of seventy-six patients who had hyper- 
tension, group 3, sixty-five died of causes 
related to hypertension. There were thirty- 
nine patients (52.4 per cent) who died of 
congestive heart failure or coronary disease, 
fourteen (18.4 per cent) who died of 
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cerebrovascular accidents and twelve (15.8 
per cent) of uremia. 

Ninety-seven patients died of cause 
related to hypertension of 100 patients who 
had hypertension, group 4. ‘Twenty-two 
(22 per cent) died of cardiac failure or 
coronary disease, sixteen (16 per cent) died 
of cerebrovascular accidents and fifty-nine 
(59 per cent) died of uremia. 

The incidence of a significant degree of 
associated coronary sclerosis was highest in 
patients who had hypertension, groups 1 
and 2. It was noted in 82.5 and 87.7 per 
cent, respectively, of patients dying of 
hypertensive causes in these groups. There 
was a marked decrease in this association 
in patients who had hypertension, group 4 
(56.7 per cent). 

Associated renal impairment was defi- 
nitely correlated to the severity of hyper- 
tension; it occurred in 35 per cent of 
patients dying of causes related to hyper- 
tension, group 1, and in 91.7 per cent of 
patients who died of causes related to hyper- 
tension, group 4. 

A total of fifty-six patients died of cerebro- 
vascular accidents, twenty-eight each of 
cerebral hemorrhage and encephalomalacia. 

There was a definite relationship between 
the mean age at death and the severity of 
hypertension; in cases of hypertension, 
group 1, it was 61.7 years and in those of 
hypertension, group 4, 47 years. 

Although there was a correlation be- 
tween the weight of the heart and the 
severity of hypertension, no correlation 
could be shown between the weight of the 
heart and duration of known hypertension. 


REFERENCES 


1. Bett, E. T. Primary hypertension; a clinical and 
pathological study of 1,520 cases with especial 
reference to renal arteriosclerosis. Proc. A. Life 
Insur. M. Dir. America, (1939), 26: 269, 1940. 

2. Beit, E. T. and CLawson, B. J. Primary (essential) 
hypertension; a study of 420 cases. Arch. Path., 5: 
939, 1928. 

3. BERKSON, JOSEPH. Personal communication. 

4. BLACKFORD, J. M. and Wixkinson, J. N. Hyperten- 
sion; a study of 202 cases followed for an average of 
ten years—with remarks on causes and treatment. 
Ann. Int. Med., 6: 54, 1932. 

5. Cain, E. F. Malignant hypertension; the histological 


AMERICAN JOURNAL OF MEDICINE 


| 


8. 


9. 


Causes of Death in Hypertension—Smith et all. 


changes in the kidneys. Arch. Int. Med., 53: 832, 
1934. 


. Faur, Georce. The heart in hypertension. 7. A. 


M. A., 105: 1396, 1935. 


. FARBER, E. M., Hines, E. A., JR., MONTGOMERY, 


HaAmILTON and Craic, W. McK. The arterioles of 
the skin in essential hypertension. 7. Invest. 
Dermat., 9: 285, 1947. 

FisHBERG, A. M. Anatomic findings in essential hy- 
pertension. Arch. Int. Med., 35: 650, 1925. 

Hix, A. B. Principles of Medical Statistics. 2nd ed.; 
pp. 189. London, 1939. The Lancet Ltd. 


10. JANEway, T. C. A clinical study of hypertensive 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


cardiovascular disease. Arch. Int. Med., 12: 755, 
1913. 

Keitu, N. M. Classification of hypertension and 
clinical differentiation of the malignant type. Am. 
Heart 7., 2: 597, 1927. 

Kein, N. M., BARKER, N. W. and KERNOHAN, J. W. 
Histologic studies of the arterioles in various types 
of hypertension. 7r. A. Am. Physicians, 46: 66, 
1931. 

Ke1TH, N. M., WAGENER, H. P. and BarRKErR, N. W. 
Some different types of essential hypertension: 
their course and prognosis. Am. 7. M. Sc., 197: 
332, 1939. 

Keitu, N. M., WAGENER, H. P. and KERNOHAN, 
J. W. The syndrome of malignant hypertension. 
Arch. Int. Med., 41: 141, 1928. 

Keitu, N. M., Overt, H. M., Mortock, C. G., 
ROSENBERG, E. F. and Kernonan, J. W. Patho- 
logic studies of the arterial system in severe hyper- 
tension. Proc. Staff Meet., Mayo Clin., 14: 209, 1939. 

KERNOHAN, J. W., ANDERSON, E. W. and KEITH, 
N. M. The arterioles in cases of hypertension. 
Arch. Int. Med., 44: 395, 1929. 

KLEMPERER, Paut and Orani, SADAOo. Malignant 
nephrosclerosis (Fahr). Arch. Path., 11: 60, 1931. 
Kyser, F. A. Relationship of essential hypertension 
to pathologic changes in the thyroid gland. Thesis, 
Graduate School, University of Minnesota, 1940. 

MacMauon, H. E. and Pratt, J. H. Malignant 
nephrosclerosis (malignant hypertension). Am. 7. 
M. Sc., 189: 221, 1935. 

ManLoveE, F. R. Retinal and choroidal arterioles in 


OCTOBER, 1950 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


31. 


32. 


33. 


527 


malignant hypertension; a clinical and pathologic 
study of 15 cases. Arch. Int. Med., 78: 419, 1946. 

Morvock, C. G. Arterioles of the pancreas, liver, 
gastrointestinal tract and spleen in hypertension. 
Arch. Int. Med., 63: 100, 1939. | 

Murpny, F. D. Hypertensive heart disease. 7. 
Michigan M. Soc., 46: 310, 1947. 

Murpny, F. D., GRILL, JOHN, PEssiIn, BENJAMIN and 
Moxon, G. F. Essential (primary) hypertension: 
a clinical and morphological study of 375 cases. 
Ann. Int. Med., 6: 31, 1932. 

ODEL, H. M. Structural changes in the arterioles of 
the myocardium in diffuse arteriolar disease with 
hypertension group 4. Arch. Int. Afed., 66: 579, 
1940. 

RosEnBERG, E. F. The brain in malignant hyper- 
tension: a clinicopathologic study. Arch. Int. Med., 
65: 545, 1940. 

SmiTH, H. L. The relation of the weight of the heart 
to the weight of the body and of the weight of the 
heart to age. Am. Heart 7., 4: 79, 1928. 

STEIN, B. R. and Barnes, A. R. Severity and dura- 
tion of hypertension in relation to amount of 
cardiac hypertrophy. Am. 7. M. Sc., 216: 661, 
1948. 

VOLHARD, FRANz and Faure, K. T. Die Brightsche 
Nierenkrankheit; Klinik. Pathologie und Atlas. 
Berlin, 1914. Julius Springer. 

WaGENER, H. P. The clinical interpretation of 
retinal vascular lesions in hypertension and 
nephritis. Pennsylvania M. F., 40: 705, 1937. 


. WaGcENER, H. P. The nature and significance of the 


retinal lesions associated with hypertensive disease. 
Tr. Am. Acad. Ophth., 44: 54, 1939. 

WaAGENER, H. P. and Keitn, N. M. Cases of marked 
hypertension, adequate renal function and neuro- 
retinitis. Arch. Int. Med., 34: 374, 1924. 

WaGENER, H. P. and Kern, N. M. Diffuse arteriolar 
disease with hypertension and the associated 
retinal lesions. Medicine, 18: 317, 1939. 

WaGENER, H, P., Cray, G. E. and Grpner, J. F. 
Classification of retinal lesions in the presence of 
vascular hypertension; report submitted by com- 
mittee. 7r. Am. Ophth. Soc., 45: 57, 1947. 


50 
|| 


Review 


Spontaneous Rupture of a Papillary Muscle 
of the Heart 


Review with Eight Additional Cases 


JoHN Martin ASKEy, M.D.* 


Los Angeles, California 


UPTURE of a papillary muscle of the 
heart occurs so rarely that reliable 
criteria justifying other than a con- 

jectural diagnosis have not been established. 
The diagnosis had always been made by the 
pathologist until the last year when Davi- 
son' suspected the correct antemortem diag- 
nosis. In two other cases (cases vil and vii) 
in which the correct diagnosis was suspected 
before death, based upon criteria which dif- 
ferentiated the rupture from perforation of 
the interventricular septum, the data have 
been made available.t These three are 
apparently the only reported instances of 
correct diagnosis before death. 

Only twenty-nine cases of spontaneous 
rupture of a papillary muscle are on record. 
The majority have been shown to follow 
myocardial infarction. We wish to report 
eight additional cases.{ One case is note- 
worthy because of its interesting cause: It is 
the first instance to result from necrotizing 
periarteritis. In the other seven cases rup- 
ture followed myocardial infarction. 

The data from the combined thirty-seven 
records are analyzed. Criteria are suggested 


+ I wish to acknowledge the kindness of Drs. Francis 
C. Wood (Cases vm and vim), William A. Jeffers (Case 
vin), Thomas M. Kain, Jr. (Case vi), and C. C. Wol- 
ferth, of Philadelphia, in furnishing the data on these 
two cases. 

t Only two cases were personally observed. The data 
in the other six cases were included through the courtesy 
of Drs. Matthew Brown (Case v1), Alvin G. Foord 
(Cases v and v1), C. M. Hughes (Case v), R. E. Hope 
(Case m1), James E. Kahler, Julius Kahn (Case m), E. C. 
Rosenow, Jr. (Case v), Edward Shapiro (Case m) and 
C. E. Stehley (Case 1). 


which in certain instances should permit 
logical suspicion of the correct diagnosis if 
the patient is under close observation. Cer- 
tain diagnostic criteria are emphasized and 
an additional etiologic factor is recorded. 

Stevenson and Turner? reviewed the re- 
corded cases in 1935; they added one case 
to the previously recorded nineteen. Since 
then Hausen-Faure and Hasenjager* have 
added two, Moragues* one, Lowry and 
Burn® one, Lipscomb® one, Davison! three 
and Foster’ one. Our eight additional cases 
make a total of thirty-seven instances. 
Davison’s table gives the essential data with 
the exception of Foster’s case and our eight 
additional cases. 

Etiology. Cardiac infarction is by far the 
most important cause of rupture of a papil- 
lary muscle. It was the cause twenty-seven 
times; once coronary arterial disease with- 
out demonstrable postmortem coronary 
arterial occlusion or myocardinal infarction 
was found;* in one instance a patient with 
clinical angina pectoris and a ruptured pap- 
illary muscle had apparently normal coro- 
nary arteries.* The cause in two instances is 
unknown,”?!° Twice ulcerative endocarditis 
was responsible. In one patient the spiro- 
chetes of syphilis were demonstrated in the 
papillary muscle and it was believed that 
this accounted for the necrosis and rupture. 
A similar lesion might possibly have been a 
factor in the first case on record, that of 
Merat’s patient in 1803 who had an asso- 
ciated aneurysm of the aorta." 

A papillary muscle of the left ventricle 


* From the School of Medicine of the University of Southern California and St. Vincent’s Hospital, Los Angeles, Calif. 
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was involved in all but two patients; both 
had vegetative endocarditis. In these two 
the papillary muscle of the right ventricle 
was ruptured. In the instances in which the 
particular muscle involved was mentioned 
the posterior muscle was ruptured in nine- 
teen, the anterior in eight, and in a most 
extraordinary case described by Nicod in 
1834,'° both muscles were ruptured; the 
report of the cause in this latter case is 
obscure. 

Type of Murmur. In twenty-two instances 
murmurs were noted. In three other pa- 
tients, including Cases 11 and v of our re- 
port, what was thought to be a friction rub 
was noted and in another the diagnosis 
‘“‘pericarditis’ would imply that a rub was 
heard. Lowry and Burn’ considered the loud 
pseudofriction rub in their patient to be 
produced by tangling of the end of the torn 
muscle in the twisted chordae tendineae. In 
nine of the thirty-seven cases of spontaneous 
rupture the end of the torn muscle was simi- 
larly caught. In six loud murmurs were 
heard, in two pseudofriction rub and in one 
no murmur was heard. In eight of the 
twenty-seven cases in which the particular 
muscle was mentioned the anterior papil- 
lary muscle of the left ventricle was rup- 
tured. Moragues‘ suggested that patients 
with rupture of the anterior muscle had an 
apparently greater tendency to die with 
acute pulmonary edema than did those with 
rupture of the posterior muscle. However, 
this is not corroborated by Davison,! and in 
six of our eight cases, regardless of the mus- 
cle involved, pulmonary edema developed 
rapidly. Irregularity of the heart action was 
mentioned in eight instances. The type of 
irregularity was identified as auricular fibril- 
lation twice but. was not identified in the 
other instances. 


CASE REPORTS 


CasE 1. A. S., a man aged fifty-seven, was 
admitted to St. Vincent’s Hospital on January 
31, 1946. Ten days before pain, throbbing in 
character, had developed in the left gluteal 
region. It became so severe that he consulted a 
doctor the next day. The pain was diagnosed as 
sciatic neuritis but because of fever the patient 
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was given sulfonamides, the amount of which is 
not known. The fever persisted and the pain 
became so severe that the patient was admitted 
to the hospital. Examination revealed an 
apparently seriously sick man with a tempera- 
ture of 102°F., pulse 120 and respirations 22. 
There was an area of marked tenderness near 
the left hip made much worse by movement. 
A tentative diagnosis of osteomyelitis of the 
ilium with abscess formation was made. 

The past medical history was significant. In 
September, 1939, he had been in another hos- 
pital for four months suffering with osteomyelitis 
of the right thumb following an injury at work. 
Abscesses had developed involving the left 
shoulder, the upper left arm and the right 
lumbar area. A superficial lumbar abscess was 
operated upon twice and a psoas abscess was 
drained. Blood cultures on six successive days 
were negative. Guinea pig inoculations were 
also negative. The patient was discharged, 
afebrile, December 20, 1939. There was no 
history of any intervening illness between 1939 
and the time of his present illness. 

On February 2, 1946, a needle was inserted 
in the fluctuant area in the left gluteal region 
and purulent material was obtained. An in- 
cision was made and approximately 150 cc. of 
pus were obtained; a growth of Bacillus pyo- 
cyaneus was obtained from this pus. The initial 
blood count revealed hemoglobin 15 gm. per 
cent, 4,430,000 red blood cells and 15,000 white 
blood cells, with neutrophils 92 per cent, of 
which 59 per cent were non-filamented; there 
were no eosinophils at any time. The urinalysis 
on February ist revealed 2 plus albumin, a few 
hyaline and granular casts and 5 to 7 pus cells 
per high power field; no red blood cells were 
present. The fever ceased to spike after evacua- 
tion of the abscess but continued slightly ele- 
vated to 100° to 100.4°r. for three weeks. Since 
admission left and right congestive heart failure 
had gradually developed, with rales in his 
chest, dyspnea and edema of the legs which 
gradually extended into the sacral region. The 
vital capacity on February 17th was 1.2 L. An 
electrocardiogram revealed no significant ab- 
normalities. Roentgenogram of the chest on 
February 5th indicated a definite increase in the 
density of both lung fields due to peribronchial 
infiltration. On February 23rd there was 
moderate edema of the prepuce and the 
scrotum. A “snapping” quality to the heart 
tones was noted; no murmurs were present. The 
next day, the patient’s thirty-fourth day of 


Fic. 1. Case 1. Left ventricle opened to show ruptured 
anterior papillary muscle to left, its basal end covered 
by firm clot. (The apical end of the ruptured muscle 
has been removed for section as has a block from the 
posterior papillary muscle as shown at right.) Note 
twisted chordae tendineae. 


illness, sudden extreme dyspnea and cough 
developed with diffuse pulmonary edema. At 
this time a harsh systolic murmur of moderate 
intensity (grade 3) appeared at the apex. That 
night the heart murmur was much _ louder 
(grade 4 intensity) and was heard all over the 
precordium; the pulmonary edema was much 
worse. The patient died the next morning, 
February 24, 1946, at 10:20 a.m., twenty-four 
hours after the sudden development of the 
systolic murmur. 

The significance of the sudden appearance of 
the loud systolic murmur was discussed. It was 
mentioned that such a murmur could occur with 
rupture of the interventricular septum in myo- 
cardial infarction or it could follow destruction 
of the chordae tendineae due to valvular vegeta- 
tions. These diagnoses seemed untenable. No 
evidence had been present of endocarditis and 
the blood cultures had been negative. 

Necropsy was performed by Dr. James E. 
Kahler within two hours of the time of death. 
The findings were as follow: There was an area 
of osteomyelitis in the anterior surface of the left 
ilium. The osteomyelitis was purulent in type, 
microscopically, and Staphylococcus aureus was 
recovered by culture. (Postmortem cultures of 
the blood were sterile.) 

The heart weighed 330 gm. (Fig. 1.) It was 
an extremely soft and flabby organ with a red- 
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dish brown external appearance. The myo- 
cardium of the left ventricle was mottled with 
yellowish to gray ill defined areas which super- 
ficially resembled infarction but which when 
sectioned were very soft, suggesting an inflam- 
matory change much older than the history 
indicated. The septum was similarly mottled 
and soft but the muscle of the right side of the 
heart was homogeneously reddish brown. There 
was moderate dilatation of all cardiac chambers. 
In the left ventricle there was complete rupture 
of the anterior papillary muscle, its basal end 
covered with a firm reddish thrombus while the 
apical end was rough, irregular and ragged. On 
cross section this papillary muscle was bright 
yellow in color and markedly decreased in con- 
sistency. The posterior papillary muscle had a 
similar appearance on section but was unrup- 
tured. The endocardium throughout was smooth 
and glistening and the valves were normal in 
appearance. The coronary arteries were only 
slightly sclerotic and contained no evidence of 
recent or old thrombosis. Microscopic sections 
of the papillary muscle demonstrated acute de- 
generative changes in the muscle fibers with 
bright red staining of the sarcoplasm, loss of 
striations and in many instances of nuclear 
staining. Only an occasional leukocyte was 
found infiltrating between the muscle fibers, the 
process being too acute for an inflammatory 
exudate to have developed to any great extent. 
The small arterioles seen within the papillary 
muscle contained a variety of changes consisting 
of marked intimal proliferation, complete loss of 
internal elastic membrane, some necrosis of the 
media with sparse leukocytic infiltration and 
marked exudation in the adventitia of poly- 
morphonuclear leukocytes, lymphocytes, plasma 
cells and histiocytes. (Fig. 2.) Sections of the 
mottled areas of the myocardium revealed 
similar changes. 

The kidneys had adherent capsules and 
scarred surfaces. The cortices were narrowed 
but clearly defined. Microscopically, there was 
a moderately active chronic pyelonephritis. 
Microscopic sections revealed many typical 
periarteritic changes in the liver and in the wall 
of the urinary bladder although there were no 
gross changes in these organs to suggest peri- 
arteritis. In none of the perivascular foci was 
more than an occasional eosinophil seen. (Fig. 3.) 

The anatomic diagnoses were as follows: (1) 
periarteritis nodosa involving principally the 
vessels of the heart, the liver and the urinary 
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Fic. 2. Case 1. Photomicrograph of section of ruptured papillary muscle. In center: an arteriole with lumen nearly 
occluded by partially degenerated thrombus and normal structures of wall obscured by infiltrating leukocytes and 
macrophages. The dark-staining issue at each side of the photograph represents necrotic myocardial fibers. 

Fic. 3. Case 1. Photomicrograph of section of liver showing arteriole in portal triad the lumen of which is filled with 
thrombus; the media are necrotic, the adventitia densely infiltrated and widened by leukocytes and macrophages. 


A portion of bile duct appears at the lower right. 


bladder; (2) multiple acute infarctions of the 
myocardium with rupture of the anterior papil- 
lary muscle and acute congestive heart failure; 
(3) osteomyelitis of the left ilium with iliopsoas 
and gluteal abscesses; (4) chronic pyelonephritis 
and (5) organizing pneumonia. 

Case. P. J. O., a seventy-six year old male, 
was admitted to the Hospital of the Good 
Samaritan, Los Angeles, August 16, 1940, with 
a history of chills and fever of one week’s dura- 
tion. He gave a history of high blood pressure 
for an indefinite period. The blood pressure on 
admission was 182 systolic and 100 diastolic. 
The heart was enlarged to the left but murmurs 
were not heard. A few rales were heard in the 
bases of both lungs. The patient’s temperature 
was 104°r. The next day after administration of 
sulfapyridine, 15 gr. every four hours, the tem- 
perature became normal, the blood pressure 120 
systolic and 60 diastolic and the pulse 72. He 
was discharged August 19th with a diagnosis of 
fever of undetermined origin and hypertensive 
cardiovascular disease. 

The patient was readmitted in coma on Sep- 
tember 11th; he had had repeated chills since 
his discharge. The blood pressure was unob- 
tainable. The details of the heart sounds were 
masked because of the loud respiratory sounds. 
The breath sounds were loud and harsh with 
many wheezes and coarse rales. The abdomen 
was distended but with no rigidity. There was a 
suggestion of a fluid wave. The blood count re- 
vealed 33,000 leukocytes. On September 13th a 
note read, ““Moribund. The pulse and blood 
pressure are not obtainable. The chest is filling 
up.”? On September 13th an electrocardiogram 
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revealed right bundle branch block. The patient 
died on September 14, 1940. 

At necropsy the heart was found to be con- 
siderably enlarged, weighing 560 gm. It was 
soft and flabby. When the left ventricle was 
opened, the anterior papillary muscle of the 
mitral valve was found ruptured near the wall 
of the ventricle. The chordae tendineae attached 
to it were markedly twisted. The torn surface 
was covered by a blood clot. The anterior wall 
of the ventricle around the attachment of this 
muscle was softened and somewhat yellowish. 
The left anterior descending artery was sclerotic 
but not narrowed or occluded. A thrombus could 
not be found in any of its branches although 
some of the branches were markedly narrowed. 
A branch of the left circumflex artery leading 
into the anterior surface was almost completely 
occluded by sclerosis. ‘The right coronary artery 
was widely patent. The mitral and aortic valves 
were essentially normal. The base of the aorta 
contained some small yellow plaques. 

The liver showed dense adhesions completely 
covering the gallbladder. When these adhesions 
were cut away, the gallbladder was seen to be 
ruptured anteriorly and a considerable amount 
of slightly bile-streaked pus escaped. The gail- 
bladder was greatly enlarged. The anterior wall 
was thickened, the posterior wall was honey- 
combed and there were many perforations lead- 
ing into a space between the gallbladder and the 
liver. In the lower end of the gallbladder there 
was a large cylindrical stone measuring 2.5 cm. 
in length and 2.0 cm. in thickness. Small ab- 
scesses were found in the liver beneath the bed 
of the gallbladder. The common and hepatic 
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Fic. 4. Case mu. Electrocardiograms before and after 
rupture of posterior papillary muscle (May 4 and 
May 7, 1948). 


bile ducts appeared normal. Microscopic studies 
were not available. 

The anatomic diagnosis was as follows: (1) 
acute suppurative cholecystitis with rupture of 
the gallbladder; (2) adjacent abscess of the 
liver; (3) bronchial pneumonia (both lower 
lobes); (4) infarct, anterior wall of the left 
ventricle and (5) rupture of the papillary 
muscle. 

CasE ur. B. E. L., a married woman aged 
sixty-one, suffered severe substernal pain with 
development of shock on May 4, 1948. She 
did not have any previous history of heart 
trouble or of hypertension although she had had 
attacks of what was termed acute indigestion. 
On admission the patient was cold and per- 
spiring. Her blood pressure was 136 systolic and 
84 diastolic and the pulse rate 100. Neither 
murmur nor rub was heard. An electrocardio- 
gram showed a typical pattern of posterior myo- 
cardial infarction. (Fig. 4.) The circulation time 
(arm to tongue using macasol) was forty-five 
seconds. ‘he venous pressure was 22 cm. of 
water. 

On May 7th at 4:45 a.m. the patient was 
found by her nurse sitting on the side of the bed 
in severe pain. She had an involuntary bowel 
movement, became “wild and irrational’? and 
tossed about the bed. The skin was cold and 
perspiring. The pulse could not be felt, the 
heart sounds were faint but audible and a 
gallop rhythm was present. At 6:00 A.M. pul- 
monary edema appeared. The heart rate was 


Fic. 5. Case m1. Ruptured posterior papillary muscle of 
the left ventricle. 


140. (Fig. 4.) At 8:45 a.m. a faint rub, inter- 
preted as a pericardial rub, was heard at the 
pulmonic area. The sounds were faint and no 
murmur was heard. The blood pressure was 
unobtainable. The patient became cyanotic and 
died at 9:35 A.M. 

Necropsy disclosed rupture of the posterior 
papillary muscle of the left ventricle 1 cm. 
below the attachment of the chordae tendineae. 
(Fig. 5.) Section through both ends of the 
broken muscle revealed complete infarction. 
There was infarction of the entire posterior half 
of the left ventricle and a large thrombus occu- 
pied 5 cm. of the ruptured coronary artery be- 
ginning 4 cm. beyond the origin of the vessel. 
The left coronary artery showed grade 2 
sclerosis with narrowing but no thrombosis. 

CasE Iv. H. A. H., a man aged sixty, was 
seen on April 16, 1935. For two weeks he had 
had severe substernal pain after walking. His 
pulse, temperature and respirations were nor- 
mal. Abnormal findings in the heart and lungs 
were not found. There was moderate tenderness 
in the epigastrium, with slight rigidity. No 
masses or jaundice was noted. On April 21st a 
hospital note read, ‘‘Patient came on ward 
breathing with the greatest difficulty, somewhat 
irrational, very restless, and with skin feeling 
cold and clammy.”’ A later note: ‘Blood pressure 
too low to be taken. Heart sounds hidden by the 
effort of breathing. Hepatic margin well below 
costal margin. Pitting edema shows in legs to 
above knees. Ascites questionable. Patient 
expired.” 

At necropsy on April 22, 1935, the following 
was revealed: ‘‘Heart was greatly dilated. The 
coronary arteries were sclerotic and stenosed, 
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Fic. 6. Case v. Electrocardiograms before and after rupture of posterior papillary muscle (July 


8 and July 16, 1948). 


dineae; thrombus attached to chordae tendineae. 


grade 4, with massive infarction of the left 
ventricle and sloughing of one of the papillary 
muscles to the mitral valve, resulting in complete 
incompetency of the said valve.”’ 

CasE v. E. L., a man aged sixty, on July 7, 
1948, suffered a severe constricting substernal 
pain, perspired freely and felt weak and mod- 
erately short of breath. An electrocardiogram 
was taken the following day. (Fig. 6.) The 
patient was admitted to Huntington Memorial 
Hospital in Pasadena July 9th. During the 
following nine days the patient was fairly com- 
fortable with nearly complete cessation of pain. 

At 4:20 p.m. on July 16th the blood pressure 
was 128 systolic and 64 diastolic. A note said, 
‘*Patient seems better.” The cardiac rhythm was 
regular except for not infrequent premature 
beats; the sounds were slightly distant, of fair 
quality. No murmur or friction rub was heard. 
At 5:00 p.m. he had sudden, severe substernal 
pain associated with grayish cyanosis and cold 
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Fic. 7. Case v. Necrosis, rupture and disappearance of portion of posterior papillary muscle. 
Fic. 8. Case v. Posterior papillary muscle ruptured with free, dangling portion of muscle attached to chordae ten- 


perspiration. Examination revealed a gallop 
rhythm and premature beats. The rate was 100, 
respirations 20 and the blood pressure 104 
systolic and 70 diastolic. A “‘loud, high-pitched 
pericardial friction rub” was heard over the 
apex and above the left sternal border at the 
fifth interspace. Marked edema soon developed; 
the patient became semi-comatose during the 
night and at 8:00 a.m. the following day the dif- 
fuse moist rales in the chest obscured the 
cardiac sounds. Death occurred seventeen and 
a half hours after the sudden collapse. 

At necropsy the heart was moderately en- 
larged and weighed 410 gm. A large posterior 
infarct was present beginning at the extreme 
base and extending all the way to the apex. 
There was complete necrosis of the posterior 
papillary muscle and rupture had occurred in 
the middle. (Figs. 7 and 8.) A layer of gray 
fibrin was adherent to the surfaces of the 
ruptured muscle and a thrombus was attached 
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Fic. 9. Case v1. Rupture of posterior papillary muscle 
with twisted, tangled chordae tendineae. 


to the chordae tendineae of this muscle. Infarc- 
tion of the posterior portion of the septum in 
the basal portion of the heart was found in an 
area 3 cm. across but the distal part was not 
involved. There was marked coronary sclerosis 
with marked calcification and narrowing noted 
in all of the major trunks; in the first portion of 
the right coronary artery in a segment 1 cm. in 
length a recent thrombus was present. A 
thrombus, microscopically apparently the same 
age, was found in the first part of the left circum- 
flex artery. 

CasE vi. D. H., a married woman aged 
seventy-four, suffered mild epigastric pain 
June 28, 1947. When seen at home she gave a 
past medical history of mild hypertension for 
two years. The blood pressure was 180 systolic 
and 70 diastolic; the heart sounds were good. 
There was a soft systolic murmur at the apex. 
She was advised to stay in bed but continued 
to be moderately active. On July 10th the 
patient took two enemas and two hours later 
became nauseated and vomited. She was seen 
at home and by that time diffuse pulmonary 
edema had developed. The blood pressure was 
80 systolic and 50 diastolic. The “‘heart had one 
loud, rough, blowing murmur that blotted out 
any normally sounding heart sounds.’’ She was 
sent by ambulance to the Huntington Memorial 
Hospital in Pasadena where she died soon after 
arrival. 

At necropsy the heart weighed only 280 gm. 
A large recent posterior infarct measuring fully 
3.5 cm. broad was present extending from the 
base down through the apex and there was in- 
volvement of the posterior portion of the septum 
for a distance of 1.5 cm. The infarction involved 
largely the subendocardial part of the muscle 
and some non-necrotic muscle was present under 
the epicardium. Complete .rupture of one 
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posterior papillary muscle was present about in 
its middle. The fractured surfaces were quite 
irregular, dull gray and soft. The rest of the 
muscle was intact and there were not any note- 
worthy valvular lesions. (Fig. 9.) High grade 
coronary sclerosis with marked fatty and fibrous 
plaque formation was found narrowing the 
lumina of all of the major trunks markedly, 
including the right coronary artery which sup- 
plied the area of necrosis. Although this area 
was taken out in one piece and sectioned at 
various levels, no thrombus was seen grossly or 
microscopically. 

CasE vil. (Courtesy of Dr. Francis C. Wood 
and Dr. Thomas M. Kain, Jr.) ““Mr. R. L. was 
seen with Dr. Thomas M. Kain on January 10, 
1947. He was a man of 64 who had had hyper- 
tension but who was otherwise well until seven 
weeks previous to the night I saw him. While 
carrying a heavy roll of paper he had a sudden 
severe pain in both arms and across his chest 
anteriorly and he became slightly nauseated. 
He was able to finish his day’s work, but with 
difficulty; when he arrived home at 5:00 P.M. 
he collapsed. His blood pressure, which had 
been 180 systolic and 100 diastolic in the past, 
dropped to 90 systolic and 60 diastolic. He had 
fever for ten days. He coughed up some blood 
on the third day. On the sixth day of his illness 
Dr. Kain noted a rough systolic murmur at the 
apex and over the lower part of the left pre- 
cordium which had not been there before. His 
electrocardiogram showed fairly definite evi- 
dence of recent posterior cardiac infarction. 
He then got along quite well for about five 
weeks; then auricular fibrillation developed. 
The attack stopped after some quinidine was 
given. Auricular fibrillation began again on 
January 9, the day before I saw him. When I 
examined him his blood pressure was 110 sys- 
tolic and 75 diastolic, the heart was rapid and 
irregular—130 per minute—and there was 
slight cyanosis. Dullness and distant breath 
sounds were heard at the right base; the veins 
and the liver were not engorged, and there was 
no edema. He lay quite comfortably flat in bed 
without respiratory difficulty, but he had had a 
good deal of hacking cough in the last two days.” 

Dr. Wood wrote to Dr. Kain on January 13th 
as follows: ‘‘Auscultation of his heart showed a 
musical, fairly high pitched systolic murmur all 
over the lower precordium. It was loudest just 
below the nipple, and died out in all directions 
from that point. My diagnosis of this patient is a 
probable coronary occlusion seven weeks ago. 
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Fic. 10. Case vi. Ruptured posterior papillary muscle. 


The murmur might be due to dilatation of the 
left ventricle, or to rupture of one of the papil- 
lary muscles. It does not sound like a perforated 
interventricular septum. Moreover, the absence 
of venous and hepatic congestion are unusual 
in a perforated interventricular septum.” 

The patient was seen again on January 21st 
in cardiac failure with a very rapid ventricular 
rate (about 180) and auricular fibrillation. He 
was cyanotic, with diffuse rales in his lungs and 
spitting of blood. The veins were engorged. The 
liver was down 4 fingerbreadths. There was no 
peripheral edema. He had some fever and a 
leukocyte count of 25,000. The blood pressure 
was 140 systolic and 90 diastolic. 

Dr. Wood made a note at this time: “All 
these findings point to the fact that he had a 
coronary occlusion, possibly with a rupture of 
one of his papillary muscles.” 

The patient died a few days later and his 
heart showed rupture of the posterior papillary 
muscle. (Fig. 10.) 

CAsE vil. (Courtesy of Dr. Francis C. Wood 
and Dr. William A. Jeffers.) Dr. Wood wrote, 
‘“The second case I saw was that of Dr. G. D., 
aged 70 at death. He had had angina of effort 
since 1938 and had an attack in August 1941 
when we diagnosed a small cardiac infarct. He 
was admitted to the hospital seven years later 
(April 25, 1948), under the care of Dr. William 
A. Jeffers, after a severe prolonged attack of 
substernal pain which looked like another 
coronary occlusion. His blood pressure was 
220 systolic and 120 diastolic on admission. His 
heart was enlarged. The next day his blood 
pressure dropped to 100 systolic and 80 diastolic, , 
and a loud murmur developed at the apex. He 
went into cardiac failure. He had minor grade 
heart block. He had a pulmonary infarct, but 
he made a partial recovery and went home from 
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Fic. 11. Case vm. Ruptured anterior papillary muscle, 
showing rounded, smooth, healed end of muscle. 


June 13 to July 7, on which date he came back 
in congestive failure and paroxysmal dyspnea; 
he died October 15. Necropsy revealed rupture 
of a papillary muscle.” | 

At necropsy the heart weighed 600 gm. The 
myocardium of the posterior wall of the left 
ventricle and adjacent portion of the septum 
was thin, firm and contained streaks of dense 
fibrous tissue. A second small myocardial scar 
was located in the lateral wall of the left ven- 
tricle. The anterior papillary muscle was 
separated at a point 2 to 3 mm. from its origin, 
the free border being rounded, smooth and 
apparently covered by endocardium. (Fig. 11.) 
There was generalized severe arteriosclerosis of 
both coronary arteries. A portion of the right 
coronary artery appeared to have been re- 
canalized but there was not any evidence of a 
recent thrombus. 


Comment. Apparently rupture occurred 
April 26, 1948. Although congestive failure 
ensued, the patient lived nearly six months. 
At necropsy the papillary muscle showed a 
smooth endothelialized end indicating heal- 
ing. Rupture, therefore, does not necessarily 
cause death quickly and is compatible in 
certain instances with survival for a few 
months. 


ELECTROCARDIOGRAPHIC CHANGES 


The electrocardiographic changes follow- 
ing rupture of a papillary muscle have con- 
sisted of either exaggeration of the original 
pattern of myocardial infarction or no par- 
ticular change except sinus tachycardia. 
Davison! had tracings in two of his three 
cases which merely evidenced infarction of 
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the posterior wall. Wood mentioned minor 
grade heart block in one instance. In Case 
vil the pattern was that of posterior myo- 
cardial infarction. 

In one of our cases (Case v) partial auric- 
uloventricular block with Wenckebach 
periods was found. (Fig. 6.) Lowry and Burn® 
observed first degree auriculoventricular 
block associated with T; type of myocardial 
infarction. In both Case m and Case v of 
our series the ST changes of posterior wall 
infarction were exaggerated. 


COMMENTS 


The recording of thirty-seven instances 
of rupture of a papillary muscle in relation 
to approximately sixty instances of rupture 
of the interventricular septum suggests that 
it should be considered as a complication of 
cardiac infarction when a loud murmur 
suddenly appears. Its observance twice in 
less than a year in the necropsy services of 
two private hospitals is of interest from the 
standpoint of mathematical probability 
(Cases 1 and m1 and Cases v and v1). Dr. 
Wood observed his two cases in less than 
two years. 

Are there any criteria by which an ante- 
mortem diagnosis of ruptured papillary 
muscle may reasonably be made? A review 
of the thirty-seven cases of spontaneous rup- 
ture suggests certain helpful tentative clini- 
cal criteria. 

A precise diagnosis of the lesion is difh- 
cult. Even in the earlier recorded cases, 
however, doctors and patients have sus- 
pected that some tissue had ruptured in the 
heart. In 1811 the brilliant French clinician 
Corvisart® surmised there had been a tear- 
ing in some part of the heart of the patient 
he described. In another instance the pa- 
tient himself, as described by Wankel,!” 
believed that something had torn in his 
heart and a diagnosis of acute mitral in- 
sufficiency of undetermined origin was 
made by Wankel. A sudden, loud precordial 
systolic murmur in the presence of myocar- 
dial infarction usually suggests rupture of 
the interventricular septum but it appar- 
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ently also should suggest the possibility 
of rupture of a papillary muscle. 

It is interesting that an incorrect diagno- 
sis of ruptured papillary muscle led to the 
recognition of the syndrome of rupture of 
the interventricular septum. Brunn!? in 1923 
diagnosed endocarditis with rupture of a 
papillary muscle in a patient in whom a 
long systolic murmur with a rough systolic 
thrill developed following severe substernal 
pain. Necropsy revealed a septal rupture 
with thrombosis of the left anterior descend- 
ing coronary artery. Later, in another pa- 
tient with severe pain in the chest and shock, 
a rough systolic murmur and a fine systolic 
thrill developed. ‘The diagnosis then made 
was that of septal perforation in view of his 
former experience. At necropsy such a per- 
foration was found. This was the first 
recorded case in which an antemortem diag- 
nosis of septal perforation following myo- 
cardial infarction was made and proved. 
The differential diagnosis from ruptured 
papillary muscle still presents a problem. 
This differentiation will depend largely 
upon positive physical findings. 

Before the diagnosis of either rupture of a 
papillary muscle or of the interventricular 
septum can logically be considered, a mur- 
mur should either appear suddenly or a 
previous murmur should suddenly increase 
in intensity. In only ten instances of rup- 
tured papillary muscle (four in this report) 
was this relationship established.’®!* Al- 
though murmurs were observed in twenty- 
two instances, in the other cases examina- 
tion prior to the rupture was not recorded. 

The rupture in four instances (two in this 
report) was reflected by the appearance of 
an apparent friction rub.*!* This finding can 
be of only limited help in the diagnosis of a 
ruptured papillary muscle as it more often 
may indicate a new myocardial infarction 
or an extension of the original infarction. 

Dr. A. G. Foord* pointed out a probably 
significant time relationship between the 
onset of the rupture and the onset of the 
apparent rub. Whereas following myocar- 
dial infarction the rub does not usually 

* In clinicopathologic conference discussion of Case v. 
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appear for two or three days, in Case m1 and 
in Case v the friction rub was heard very 
soon after the apparent time of rupture. 

The mimicry of a friction rub by the in- 
tracardiac lesion was quite convincing to 
the examiners. Although all the criteria for 
the diagnosis of a pericardial rub were not 
present, the rough quality of the sound was 
considered as quite characteristic of a fric- 
tion rub; yet in no instance in which such a 
sound was heard was there associated peri- 
carditis demonstrated at necropsy. 

The explanation for production of the 
vibrations producing the sound was thought 
by Lowry and Burn® to be motion of the 
twisted chordae tendineae. In Case m1 and 
in Case v of our series, however, the rem- 
nant of the muscle was not tangled in the 
strands and in each a pseudorub was heard. 
Mimicry of a friction rub by certain mur- 
murs is well known. Rupture of a papillary 
muscle is apparently an intracardiac lesion 
prone at times to give rise to sounds which 
are indistinguishable by auscultation from 
the friction rub produced by pericarditis. 

A puzzling feature is the inconstant and 
relatively infrequent finding of a loud mur- 
mur in rupture of a papillary muscle. In 
many instances murmurs are not men- 
tioned. Whereas a murmur is heard in about 
96 per cent of patients with ruptured inter- 
ventricular septum, it has been recorded in 
less than half of the patients with ruptured 
papillary muscle. ‘This might be explained 
in some instances by the suddenness of 
death or as faulty observation; however, in 
several patients who were carefully ex- 
amined before death significant murmurs 
were not heard. In Cases 1 and m (person- 
ally observed) although careful auscultation 
was practiced in each, in one a loud, harsh, 
diffuse precordial murmur was heard and in 
the other only a faint sound interpreted as a 
rub was audible. There was a similar drop 
in blood pressure in each, so the acute hypo- 
tension cannot adequately explain the dif- 
ference in intensity. Davison’ analyzed 
thirty-one cases and found abnormal heart 
sounds recorded in nineteen instances. In 
thirteen, apical systolic murmurs were 
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heard; four of these were associated with 
diastolic murmurs. In one instance a sys- 
tolic basal murmur was heard and once a 
diastolic murmur alone was heard at the 
apex. Among our eight cases a loud, rough- 
blowing systolic murmur (grade 4 plus) was 


TABLE I 
MURMURS AND THRILLS OCCURRING IN REPORTED INSTANCES 
OF RUPTURED INTERVENTRICULAR SEPTUM AND RUPTURED 
PAPILLARY MUSCLE 


No. of | Systolic | Per | Diastolic |No. with 
Cases | Murmur | cent | Murmur Thrills 
Ruptured interven- 
tricular septum. . 47 45 95.7 3 22 
Ruptured papillary 
muscle......... 37 17 47.0 3 0 
TABLE 


DIFFERENTIAL DIAGNOSTIC FINDINGS BETWEEN RUPTURE OF 
INTERVENTRICULAR SEPTUM AND RUPTURE OF A PAPILLARY 
MUSCLE 


Pseudo- 


Murmur 


Thrill 


rub 


Clinical 


Rupture of 


Present in 96%; 


Present 


Never 


Onset not neces- 


interven- maximal inten- | in over| heard sarily abrupt; 
tricular sity at left bor-| 50% death may be 
septum der of sternum; postponed; 
nearly always right ventricu- 
systolic lar failure 
Rupture of Present in less; Never | Heard /| Onset usually 
papillary than half; found occa- abrupt; death 
muscle maximal in- sionally} usually soon, * 


hours or days; 
left ventricular 


failure 


tensity at apex 

or is first apical; 
may be systolic 
or diastolic 


* Two exceptions: Cases vi and vim. 


heard all over the precordium in two in- 
stances; in two the loud murmur was 
chiefly apical; a pseudorub was heard in 
two instances while murmurs were not 
noted in the remaining two cases. In another 
found in the literature’ a murmur was not 
mentioned. 

Quite in contrast is the high incidence of 
auscultatory findings in interventricular 
rupture. Forty-five of forty-seven patients 
with interventricular rupture after myocar- 
dial infarction had systolic murmurs.'® 
(Table 1.) In two instances murmurs were 
not audible. Twenty-two of the forty-five 
with systolic murmurs had a systolic thrill. 
In the event a loud murmur does appear 
certain points may prove of diagnostic value 
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in differentiating ruptured papillary muscle 
from ruptured interventricular septum. 
What are the Significant Points in the Differ- 
ential Diagnosis? Ruptured chordae tendi- 
neae can cause a harsh systolic murmur and 
a thrill. This lesion has been reported in 
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however, was the absence of a thrill in every 


instance of ruptured papillary muscle. ‘This dif- 
ferential point would seem important. Al- 
though over 50 per cent of the patients 
reported with murmurs after ruptured inter- 
ventricular septum had thrills, in none of 
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Necropsy Findings 


Clinica! Course 


Comments 


Periarteritis of heart, liver 
and bladder; rupture of 
anterior papillary muscle* 

Myocardial infarction; 


Rupture of posterior papil- 


“Infarction of left ventri- 
cle’; ruptured papillary 


Posterior septal myocardial 
infarction; rupture of pos- 
terior papillary muscle 

Posterior myocardial in- 
farction; no coronary 
thrombosis; rupture of 


Ruptured posterior papil- 


Old posterior myocardial 
infarction; healed rupture 


Died in 24 hr.; pain, col- 
lapse, pulmonary edema 


Died in 4 da.; shock, pul- 


monary edema 


Died within 51 hr.; pain, 
collapse 


Died in 24 hr.; congestive 
failure, collapse 


Died in 17 hr.; pain, col- 
lapse 


Died in few hr. 


Died after 8 wk. 


Lived 6 mo. 


Diagnosed as possible valve 
rupture; clinical picture: 
sepsis 

Chills, fever, sepsis from 
ruptured gallbladder pre- 
ceded rupture of papillary 
muscle 

“Rub” heard soon after 
attack; possible rupture 
suspected but par- 
ticular site 

Diagnosis not suspected 


“‘Loud, high-pitched peri- 
cardial rub”? immediately 
after rupture 

Diagnosis not suspected 


Correct antemortem 
diagnosis 


Correct antemortem 
diagnosis 


of anterior papillary mus- 


TABLE II 
SUMMARY OF FINDINGS IN EIGHT PATIENTS 
THE HEART 
Etiology of Muscle 
Case | 4 ssociatedCondition | Involved Murmurs 
1 | Periarteritis nodosa | Anterior Loud systolic 
1 | Sepsis; myocardial | Anterior No murmurs 
infarction rupture of antericr 
papillary muscle* 
mt | Myocardial Posterior No recognizable 
infarction murmurs (rub) lary muscle 
Iv. | Myocardial Not stated | No murmurs 
infarction 
muscle 
v | Myocardial Posterior No murmur (rub) 
infarction 
vi | Myocardial Posterior Loud systolic 
infarction 
posterior papillary 
muscle* 
vu | Myocardial Posterior Musical systolic 
infarction murmur; auricu- | lary muscle 
lar fibrillation 
via | Myocardial Anterior Loud apical sys- 
infarction tolic 
cle 


* Torn end caught between twisted chordae tendineae. 


long-standing heart disease other than 
myocardial infarction'’ and in endocarditis, 
but we could find no instances occurring as 
a result of myocardial infarction. It can be 
ignored, therefore, as a cause of a suddenly 
appearing murmur in myocardial infarc- 
tion. The murmur is nearly always systolic 
if due to ruptured interventricular septum 
but may be both systolic and diastolic if due 
to rupture of a papillary muscle. An appar- 
ently significant differential point is the 
presence or absence of a thrill. Among forty- 
five cases of interventricular septal rupture 
collected by Fowler and Failey’® in which 
physical findings were known, twenty-two 
of the forty-three patients with systolic mur- 
murs had systolic thrills. A remarkable finding, 
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the twenty-two patients with murmurs after 
a ruptured papillary muscle was the pres- 
ence of a thrill mentioned after an attack. 
Dr. Wood’s emphasis upon the difference 
between the location of the murmur arising 
from rupture of the papillary muscle and 
the murmur due to ruptured interventricu- 
lar septum would seem important. In dis- 
cussing the criteria for his diagnosis and 
answering a query as to whether or not 
thrills had been felt, Dr. Wood wrote to me, 
‘The signs produced by a ruptured papil- 
lary muscle and a rupture of the interven- 
tricular septum seem to me to be definitely 
different especially with regard to the loca- 
tion of the murmur. In the 3 patients in 
whom I have diagnosed a rupture of the 
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interventricular septum the murmur has 
been loudest in the sternal area, and 2 of 
them had a thrill. In the 2 patients in whom 
I have diagnosed a rupture of a papillary 
muscle the murmur has been loudest in the 
vicinity of the cardiac apex, and I do not 
recall that either of them had a thrill, al- 
though I am not absolutely certain.” 

Another differentiating point is the type 
of immediate reaction in the two conditions. 
Sudden collapse is not necessarily a sequel 
of ruptured interventricular septum, and 
death may not occur for days, weeks, months 
or even years.'® Rupture of a papillary mus- 
cle on the other hand is usually immediately 
followed by collapse. In many of the re- 
corded cases collapse and sudden death oc- 
curred even before the diagnosis of myo- 
cardial infarction had been made. Death 
occurs usually within a matter of hours or a 
few days. (Tables 1 and 11.) 

Two notable exceptions are the two cases 
of Wood. One patient lived eight weeks and 
the other nearly six months after the rup- 
ture. Dr. Wood emphasizes another differ- 
entiating point: Venous and hepatic con- 
gestion are apt to follow rupture of the 
interventricular septum if the patient lives 
long enough, whereas after rupture of the 
papillary muscle in the left ventricle, pul- 
monary edema is the usual immediate 
sequel. 

Although it is apparent that a diagnosis 
of ruptured papillary muscle must still be a 
presumptive one, it can be logically sus- 
pected in certain instances. If a murmur 
does not appear or if the adventitious sound 
is a pseudorub, the diagnosis can be only 
guessed at as one of the causes of the usual 
accompanying circulatory collapse. If a 
murmur does suddenly appear and an asso- 
ciated thrill is not felt, the diagnosis of rup- 
ture of the papillary muscle can be made if 
the murmur is chiefly apical and there is 
little subsequent venous congestion. Based 
upon the data available to the present it 
would seem, however, that if a thrill is asso- 
ciated with the murmur, a ruptured papil- 
lary muscle is unlikely. ‘This is apparently a 
positive physical finding which differentiates 
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ruptured interventricular septum and rup- 
ture of a papillary muscle. 

In addition to its association with myo- 
cardial infarction, rupture of a papillary 
muscle must be considered as a possibility 
when a systolic apical murmur suddenly 
appears in association with endocarditis, 
sepsis and syphilis. It has been recorded 
once in the course of periarteritis nodosa. 


SUMMARY 


1. A review has been made of instances 
of ruptured papillary muscle of the heart. 

2. Another case is added with a different 
etiology, that of periarteritis with necrosis of 
the muscle. 

3. Tentative criteria based upon deduc- 
tions from the data in thirty-seven cases are 
suggested for the antemortem diagnosis of 
ruptured papillary muscle. 

4. “In a patient with cardiac infarction 
who suddenly collapses and in whom a loud 
systolic murmur develops at the apex with- 
out a thrill, if you think of and diagnose a 
ruptured papillary muscle, you will some- 


times be right.’? (Wood) 
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Renal Excretion of Water, Sodium, Chloride, 
Potassium, Calcium and Magnesium’ 


RoBeRT W. BERLINER, M.D. 
New York, New York 


YE concepts and _ investigational 
technics of renal physiology which 

have proved so useful in elucidating 

the mechanisms by which various organic 
substances are excreted have not, to date, 
proven similarly effective in clarifying the 
processes by which the volume and elec- 
trolyte content of the body fluids are regu- 
lated. This is due, in part, to a difference 
in the nature of the information which is 
necessary for such an understanding. In 
many of the renal mechanisms which have 
been more or less adequately defined the 
functional role of the kidney has been 
either strictly excretory or adapted to con- 
servation of the material concerned. In the 
case of sodium, potassium, chloride, bi- 
carbonate and water the function of the 
kidneys is regulatory as well as excretory. 
Changes in excretion which are of insignifi- 
cant proportions in the excretion of most 
other substances are the object of central 
interest in the renal control of water and the 
major electrolytes. Loss of 1 per cent of the 
glucose filtered at the glomeruli may be 
disregarded and tubular reabsorption under 
such circumstances considered to be ‘“‘essen- 
tially complete.”’ Loss of an extra 1 per cent 
of the filtered sodium in a normal individual 
would correspond to an excess excretion of 
about 15 gm. of salt per day, an amount 
which cannot be regarded as insignificant. 
A satisfactory elucidation of the renal 
mechanisms for electrolyte excretion has 
lagged not only as a result of the necessity 
for taking into account small changes in 


rates of reabsorption and excretion, but also 
because of the complex interrelations in- 
volved between cations and anions, between 
different ions of similar charge and between 
water and electrolytes. A further difficulty 
is the multiplicity of factors involved in the 
control of the renal tubular transport of 
electrolytes and water. 

This discussion cannot purport to be a 
review of this extensive arid complex sub- 


ject. It is intended largely to indicate the 


many unsolved and intricate problems and 
to present some of the background against 
which work in the field must be considered. 


EXCRETION OF WATER 


It has long been recognized that water is 
reabsorbed by two separate and dissimilar 
processes which have been termed ‘‘faculta- 
tive’ and ‘“‘obligatory”’ reabsorption.’ The 
need for such an interpretation arises from 
the observation that it is impossible, by the 
ingestion of water, to obtain a flow of urine 
which is more than 10 to 15 per cent of the 
total volume of fluid filtered.’? A similar 
situation is observed in diabetes insipidus 
in which, even in the most severe cases, the 
urine flow does not begin to approach the 
rate of formation of glomerular filtrate.*‘ 
It was suggested! that the obligatory reab- 
sorption is related to the reabsorption of 
osmotically active solutes in the proximal 
tubule, while facultative reabsorption, un- 
der the influence of the pituitary antidiuretic 
hormone, is exerted only upon that portion 
of the filtered water which escapes the 


* From the Research Service, First Division, Goldwater Memorial Hospital and the Department of Medicine, Columbia 
University, College of Physicians and Surgeons, New York, N. Y. 
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proximal tubule. This hypothesis has been 
supported by a number of experimental ob- 
servations. The most direct evidence is 
derived from the work of Walker, Oliver 
and their associates? who, by an extension 
of the micropuncture technic of Richards 


of the filtered fluid and electrolyte is ap- 
parently reabsorbed in the mammalian 
proximal tubule. Extrapolation of the ob- 
served rate of reabsorption to include the 
entire proximal segment would place the 
amount of fluid delivered to the distal 
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Fic. 1. Ratio of concentration in proximal tubule fluid to concentration in 
plasma for glucose (in phlorizinized animals) and for creatinine; approximate 
position of collection indicated by schematic proximal tubule at top. (Modified 
from WALKER, Bott, OLIVER and MacDoweELt. Am. 7. Physiol., 134: 562, 1941.) 


and his co-workers, ® studied the composition 
of fluid collected from individual nephrons 
of the rat and guinea pig kidneys. Figures 1 
and 2 from this work?® illustrate the data 
most pertinent to the present discussion. ‘The 
relatively constant osmotic pressure in the 
face of a decreasing volume remaining in 
the tubule (indicated by the rising concen- 
tration of non-reabsorbed creatinine) im- 
plies that the reabsorption of water is pro- 
portional to the reabsorption of osmotically 
active solute of which sodium and its associ- 
ated anions constitute all but a small 
fraction. Unlike the situation in the am- 
phibian kidney where a relatively small 
part of the total electrolyte reabsorption 
occurs in this segment,’ a major portion 


tubule in the general order of magnitude of 
that which may be excreted in water 
diuresis. 

The loop of Henle was long considered 
to be the site of concentration of the urine. 
The absence of the thin limb in reptiles and 
amphibians and their failure to form a 
hypertonic urine under the influence of anti- 
diuretic hormone led to the hypothesis that 
the mechanism for forming a hypertonic 
urine was located in this tubular segment. *® 
However, the low epithelial lining of this 
part of the nephron would not appear to be 
adapted to the establishment of a sharp 
osmotic gradient? and this, together with 
the considerable variation in the length of 
this segment among the nephrons of the 
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same kidney, has caused doubt to be cast 
upon this hypothesis.!° That concentration 
of the urine is a function of a more distal 
segment is strongly supported by the finding 
of a slightly hypotonic urine in the first 
portion of the distal tubule at a time when 
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tion of a major fraction of the electrolyte to 
the loop of Henle. The slightly hypotonic 
urine in the first portion of the distal 
tubule® perhaps supports one or the other 
of these contentions; but since the volume 
of fluid remaining at that level was not 
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Fic. 2. Ratio of concentration of chloride and sodium and of osmotic pressure in tubule fluid and bladder urine to 
that in plasma. (From WALKER, Bott, OLIVER and MacDoweELL. Am. 7. Physiol., 134: 562, 1941.) 


the bladder urine was markedly hyper- 
tonic.* It has been proposed that the func- 
tion of the loop of Henle is to permit the 
attainment of osmotic equilibrium by the 
passive back-diffusion of water following 
the reabsorption of most of the osmotically 
active solute in the proximal convoluted 
tubule.11 —The composition of the fluid 
delivered to the distal tubule has been the 
subject of considerable difference of opinion; 
all evidence presently available is entirely 
inferential. Although the urine halfway 
down the proximal tubule is isosmotic with 
the plasma,® there is no certainty that a 
similar situation exists when the end of this 
segment is reached. The various opinions 
concerning the tonicity of the fluid entering 
the distal tubule are bound up with oppos- 
ing views on the site of sodium reabsorption. 
Shan 10n!” proposed that the urine leaving 
the proximal tubule was markedly hypo- 
tonic as a result of failure of the diffusion of 
water to keep pace with reabsorption of 
almost all of the electrolyte in the proximal 
segment. Peters'* has attributed reabsorp- 
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determined, the magnitude of the electro- 
lyte deficit is unknown. On the other hand, 
it has been assumed that the fluid escaping 
the proximal system has the same osmotic 
pressure as the plasma.'! The experiments 
of Walker et al.° were done under anes- 
thesia and frequently with osmotic diuresis, 
both of which may be presumed to have 
caused maximal antidiuretic hormone ac- 
tivity. No information is available, there- 
fore, to indicate that the proximal tubule 
fluid is isotonic with plasma during water 
diuresis. 

It is generally agreed that the volume of 
fluid reaching the distal segment is proba- 
bly some 10 to 20 per cent of that filtered. 
Urine flows greater than this fraction of the 
glomerular filtration rate can be obtained 
only with osmotic diuresis which increases 
the outflow of the proximal system by reduc- 
ing the reabsorption of both water and 
solute in that segment.'!!4"!® It has been 
proposed that under more normal circum- 
stances a fixed fraction of the filtered fluid 
and electrolyte escapes the proximal tubule" 
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and that all or most of the water reaching 
the distal tubule is excreted in the absence 
of antidiuretic hormone activity.*!! Other 
observations indicate that the urine flow in 
maximum water diuresis varies with the 
rate of sodium excretion, when changes in 
the latter are, in part at least, independent 
of changes in glomerular filtration rate.'‘ 
These findings are difficult to reconcile 
with the foregoing hypothesis. 

There is a lack of unanimity concerning 
the factors which limit the degree to which 
the urine may be concentrated. When the 
rate of excretion of osmotically active ma- 
terials is low, it would appear that the 
concentration of urine is limited by the 
attainment of an osmotic gradient against 
which further reabsorption of water is im- 
possible.’ ‘There is some question as to 
whether or not all solute particles are 
equivalent in this regard. It has been stated 
that a higher osmotic pressure can be at- 
tained when urea is the major urinary 
constituent than when the urine contains 
large amounts of electrolyte and that maxi- 
mum concentrations of urea can be super- 
imposed on maximum concentrations of 
electrolyte in the same urine.!®"*! It has 
been pointed out?”?* that some of the ob- 
servations which led to these conclusions 
were made on rats allowed water ad libitum?”® 
so that there is no evidence that the urines 
were maximally concentrated. The results 
obtained are perhaps more indicative of the 
fact that ingestion of salt, presumably by 
drawing water from cells, produces thirst, 
while urea, which permeates cells more or 
less freely, does not lead to cellular dehy- 
dration and thirst.*? The effect of increased 
excretion of osmotically active solute in the 
other studies may explain the lowered 
osmotic pressure when salts were adminis- 
tered since these were ingested in large 
amount. McCance and Young found an 
inverse relationship between urea and 


electrolyte concentration in the urine of 
dehydrated suggesting that 
the limit to the concentration of urine de- 
pends on total solute concentration and is 
independent of the nature of the dissolved 
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substance. The results of Rapoport et al.,?° 
although obtained on a number of different 
individuals and showing considerable scat- 
ter, are in general accord with those of 
McCance. 

Maximally concentrated urine can be ob- 
tained only when the flow of urine is quite 
small, generally below 1-2 ml. /min.?*~*° 
As the excretion of solute increases there is 
a change in the factors which set a limit 
upon the reabsorption of water. The maxi- 
mum concentration attainable decreases as 
the urine flow rises so that in extreme os- 
motic diuresis no appreciable hypertonicity 
of the urine is detectable despite maximum 
antidiuretic hormone The 
nature of the limitation so produced is not 
certain. It has been attributed to a limited 
absolute capacity for facultative reabsorp- 
tion of water similar to the Im for glucose, 
etc.11 Though in available experimental 
data no such absolute deficit in volume is 
detectable, uncertainty as to the volume and 
tonicity of the fluid delivered to the distal 
tubule for the action of this hypothetic 
mechanism makes interpretation difficult. 
It has also been proposed that there may 
be a limited capacity to perform osmotic 
work.?* This concept likewise lacks quanti- 
tative experimental verification. The mini- 
mum urine flow is, however, fairly pre- 
dictable from the rate of excretion of solute 
and is more or less independent of the 
identity of the substance excreted.”® The 
nature of this relationship is indicated in 
Figure 3 from the paper of Rapoport et al.® 

The capacity of the normal individual to 
form a highly concentrated urine is depend- 
ent on an intact supraoptico-hypophyseal 
system*?’ and is presumed to be directly 
related to the concentration of circulat- 
ing posterior pituitary antidiuretic hor- 
mone. Extirpation of the pars nervosa 
of the pituitary, interruption of the supra- 
optic tracts or injury to the supraoptic 
nuclei lead to the production of diabetes 
insipidus. The latter procedures, which re- 
sult in degeneration of the cells of the 
posterior pituitary where the antidiuretic 
hormone is believed to be synthesized and 
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stored,‘ are more reliable methods of 
producing diabetes insipidus presumably 
because there is less danger of injury to the 
anterior lobe of the pituitary, the integrity 
of which is essential for the production of 
permanent diabetes insipidus. Without anti- 
diuretic hormone the renal tubule is unable 
to concentrate the urine normally’ and 
the excretion of a large volume of dilute 
urine results. During dehydration, even 
in the absence of antidiuretic hormone, 
there remains some diminished capacity to 
form urine with an osmotic pressure dis- 
tinctly greater than that of plasma.!? This 
is presumably due to the fact that the vol- 
ume of fluid delivered to the distal tubule 
for the action of the concentrating mecha- 
nism is markedly reduced as the result of a 
lowered rate of glomerular filtration. 

The urine flow is ordinarily maintained 
at something below its maximal rate by the 
presence of antidiuretic hormone in the 
circulating blood. The rate of secretion of 
the hormone is believed to be under hypo- 
thalamic control“ ?’ and normally varies in 
response to changes in the osmotic pressure 
of the body fluid?®***! or, possibly more 
precisely, to changes in the. state of cellular 
hydration. Decreases in the hydration of 
cells cause increased secretion of antidiuretic 
hormone; increases in hydration lead to 
diminished secretion. The receptor area 
sensitive to these changes in hydration is 
supplied by the internal carotid artery.*' 
Apart from the state of hydration, increased 
secretion of antidiuretic hormone can be 
induced by exercise,*? syncope, ** emotional 
disturbance** or by a number of chemical 
agents;** *8 diminished secretion is produced 
by chilling.*® Graded changes in urine flow 
in response to administered antidiuretic 
hormone are obtained in the dog with dia- 
betes insipidus only in the range of about 
0.1 to 0.5 milliunits per hour*® and this has 
been considered to be the physiologic rate 
of release of this substance. However, severe 
Osmotic stimulation results in the appear- 
ance in jugular vein blood and excretion in 
the urine of considerably greater amounts.‘*!#? 

It is generally recognized that a normal 
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response to the ingestion of water depends 
on more than an anatomically normal 
kidney and a normal supraoptico-hypophys- 
eal system. Salt depletion** and other cir- 
cumstances associated with abnormalities 
of the body fluids** are associated with im- 


Urine Flow ml/min. /1.73M? 
Fic. 3. Relationship between urine flow and _ total 
solute excretion. (Modified from Rapoport, Bropsky, 
West and Mackter. Am. 7. Physiol., 156: 433, 1949.) 


paired excretion of water. Several endo- 
crines other than the posterior pituitary 
have effects on water excretion. Failure to 
develop permanent diabetes insipidus in 
the absence of the anterior pituitary**” 
has already been referred to. The original 
hypothesis that the anterior pituitary elabo- 
rates a hormone which directly stimulates 
diuresis has generally been discarded in 
favor of the idea that the effect of the 
anterior pituitary is exerted through its 
trophic influence on one or more other 
organs. Pituitary growth hormone restores 
to normal the defect in renal function which 
follows loss of the anterior pituitary.** The 
effect of the thyroid on water excretion 
remains obscure. Although the disorder is 
not eliminated, the severity of diabetes 
insipidus may be diminished by thyroid- 
ectomy or increased by the administration of 
thyroid.* On the other hand, no clear ab- 
normalities of water metabolism are induced 
by experimental hypo- or hyperthyroidism. 
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The adrenal cortex has been especially 
implicated as essential for the occurrence of 
a normal water diuresis‘*’-°! and the ab- 
normality of water excretion is the basis of a 
test for adrenal insufficiency.°? The mecha- 
nism by which the adrenal steroids facilitate 

TABLE I 


EXCRETION OF SODIUM DURING THE INFUSION OF ISOTONIC 
SODIUM CHLORIDE IN A DoG®! 


Reabsorbed Sodium 
Filtra- Ex- 
Per- | tion Plasma a creted 
iod Rate | Sodium Eq./ Sodium A p Per 100 
min. ; min. uEq./ of Filtrate 
min. Filtered mEq. 
1 42.9 145.4 6250 9 6241 99.9 14.5 
2 46.2 145.2 6700 12 6688 99.8 14.5 
3 54.9 144.2 7930 71 7859 99.1 14.3 
4 62.3 144.6 9000 208 8792 97.6 14.3 
5 65.3 145.8 9520 351 9169 96.3 14.1 
6 66.1 145.7 9630 487 9143 94.8 13.8 


water excretion is not certain. Their effect 
appears to be exerted, in part at least, 
through their role in maintaining normal 
renal hemodynamics,°*~°® more particularly 
a normal rate of glomerular filtration, and 
probably through the maintenance of a 
normal volume and distribution of the body 
fluids. Evidence for the view that the adrenal 
cortical hormones exert an inhibitory effect 
on the tubular reabsorption of water (in 
direct antagonism to the pituitary anti- 
diuretic hormone) and independently of 
their effects on electrolyte excretion has 
recently been reviewed by Gaunt et al.*® 


EXCRETION OF SODIUM AND CHLORIDE 


The excretion of sodium and chloride 
may, with certain reservations, be con- 
sidered as a unit. This is expedient since 
relatively few studies of renal electrolyte 
excretion have specifically dissociated the 
excretion of sodium from that of chloride. 
In many of the earlier studies of electrolyte 
excretion only chloride was measured, since 
the determination of sodium was consider- 
ably more difficult. Many of the phenomena 
noted were probably reflections of similar 
behavior of the sodium ion. More recently 
the flame-photometric determination of 
sodium has tended to relegate chloride to a 
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place of lesser prominence. Chloride reab- 
sorption has even been considered to be 
entirely non-specific and secondary to 
sodium reabsorption. This view would ap- 
pear to be open to question since there are 
occasions when the body may be depleted 
of fixed cation by the necessity for excreting 
chloride, as when ammonium chloride is 
ingested*”°8 or when mercurial diuretics are 
administered to certain resistant patients.** 
In general, however, unless specific measures 
are taken to dissociate the two, the excre- 
tion of chloride roughly parallels that of 
sodium. 

A few pitfalls to be avoided in the inter- 
pretation of data concerning the reabsorp- 
tion and excretion of sodium may profitably 
be noted. Wesson et al.!! have indicated the 
dangers inherent in quantifying the reab- 
sorption of any substance in terms of the 
filtration rate when the amount of that 
material excreted is only a small fraction 
of the amount filtered, as is the case with 
sodium and chloride. The result of this 
mathematic operation is an approximation 
to the plasma concentration of the sub- 
stance concerned. Another danger arises in 
considering a change in the ratio of filtered 
to excreted sodium to be an indication of 
altered tubular function;®® such a change 
will occur simply as a result of variation in 
the amount filtered, so long as the incre- 
ment in the amount reabsorbed does not 
exactly parallel the change in glomerular 
filtration. In addition, since the magnitude 
of changes in sodium excretion may be many 
times the range of variation in filtration rate, 
it is obvious that the amount excreted will 
be related to the fraction not reabsorbed 
rather than to the absolute amount filtered. 
However, the fraction not reabsorbed can- 
not be considered a function solely of 
tubular activity. Data obtained during the 
infusion of normal saline solution in a dog*® 
may be used to illustrate these points. 
(Table 1.) In this experiment there is an 
increase in the sodium filtered from 6,250 
mEq. /min. to 9,630 wEq. /min., and in the 
sodium reabsorbed from 6,240 to 9,140 
/min. The excreted sodium increases 
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from 9 wEq./min. (0.1 per cent of the 
filtered) to 487 wEq. /min. (5.2 per cent of 
the filtered). The percentage of the filtered 
excreted thus changes from 99.9 down to 
94.8. The amount reabsorbed per 100 ml. 
of glomerular filtrate never differs much 
from 14.0 mEq./min. (the amount con- 
tained in the 100 ml. of glomerular filtrate). 
Depending on which aspect is considered, re- 
absorption might be interpreted as increased 
(absolute amount), unchanged (amount per 
unit volume of glomerular filtrate) or de- 
creased (fraction of filtered). Certainly one 
is not in a position to say whether the 
change in sodium excretion is to be at- 
tributed to a change in filtration or tubular 
activity. Finally, a point that is frequently 
overlooked, the excretion of any anion re- 
quires the excretion of an equivalent amount 
of cation, and vice versa. ‘The administra- 
tion of an electrolyte, the anion of which 
can be reabsorbed only slightly or not at all 
or which is secreted by the renal tubules 
may carry with it into the urine a large 
amount of sodium although conditions may 
otherwise favor a very small excretion of 
sodium. This is the basis of several pro- 
cedures designed to deplete the body of 
sodium, such as the administration of am- 
monium chloride®’ or ammonium. thio- 
sulfate.®? When sodium thiosulfate or sodium 
p-aminohippurate is administered, excre- 
tion of relatively large amounts of sodium 
must be anticipated although the net 
sodium balance may be positive. While it is 
true that the cation excretion may be vari- 
ably distributed between sodium and potas- 
sium under such circumstances, and useful 
information may sometimes be obtained 
from this cation pattern,°® ®® the excretion 
of sodium is related to the non-reabsorbed 
anion and not to any depression of the 
capacity of the tubules to reabsorb sodium. 

One of the major problems to be dealt 
with in any consideration of the tubular re- 
absorption of sodium concerns the number 
of separate mechanisms involved. In addi- 
tion to sodium reabsorption, which results 
in a net decrease in the electrolyte content 
of the tubular fluid (that is, reabsorption of 
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both cation and anion), it is recog- 
nized ®* 6 5? that sodium may be reabsorbed 
by what appears to be cation exchange 
for H*, NH,* or Kt. The question may be 
raised as to whether these disparate results 
necessarily indicate that fundamentally dif- 
ferent processes are involved as far as the 
reabsorption of the sodium ion is itself 
concerned. The formation of intermediate 
compounds within the tubule cells in the 
transport of most organic substances®® and 
even phosphate or sulfate®’ is a plausible 
concept but it is difficult to imagine Na‘, 
K* or CI” ions taking part in similar reac- 
tions. It has been proposed®® that a cation 
exchange process accounts for all sodium 
reabsorption. While a system for cation 
exchange alone will not adequately explain 
the reabsorption of chloride, a co-existing 
anion exchanger might be expected to yield 
a system whose performance would corre- 
spond to observed phenomena. Exchange 
of hydrogen ions for sodium ions, in the 
absence of a system for anion reabsorption, 
would yield acidification and secretion of 
ammonia, as proposed by Pitts.®° While 
experimental evidence for such a mechanism 
is yet to be obtained, it is a tenable hypoth- 
esis that sodium may be reabsorbed by a 
single tubular ion exchange process, the 
effects of which may, however, be modified 
by the presence or absence of other specific 
mechanisms in the several tubular segments. 
Dr. Pitts®® has discussed those mechanisms 
for sodium reabsorption which result in 
acidification of the urine (and reabsorption 
of bicarbonate). Further discussion of sodium 
reabsorption in this paper will refer specif- 
ically to that which is accompanied by 
removal of fixed anion from the tubular 
fluid. 

The amount of sodium excreted in the 
urine is rarely more than a very small frac- 
tion of that which passes the glomerular 
membrane so that the rate at which sodium 
is reabsorbed must very closely parallel the 
rate at which it is filtered. It has been pro- 
posed that the variation in reabsorption 
with filtered load is a characteristic of 
sodium transport in the proximal tubule 
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only, this segment operating in such a way 
as to permit delivery to the distal tubule 
of a relatively constant fraction of the 
filtered sodium.'! Since, despite some inter- 
pretations to the contrary,‘*’’ the pre- 
ponderance of evidence favors the view that 
all the glomeruli in the normal mammalian 
kidney are continuously active,’? and 
since the plasma sodium concentration is 
generally maintained within a very narrow 
range by corresponding adjustments of 
water excretion, it follows that the amount 
of sodium presented to the tubules for reab- 
sorption depends largely on the volume of 
fluid filtered in each glomerulus. Changes in 
filtered sodium will then be reflected within 
the tubule largely by changes in the rate of 
flow of fluid through its lumen. It is difficult 
to conceive a mechanism which could oper- 
ate under these conditions so that a constant 
fraction of the filtered would escape reab- 
sorption. It seems more reasonable to accept 
the view, for which some evidence can be 
presented,” that the fraction of filtered 
sodium reabsorbed in the proximal tubule 
tends to increase with decreasing filtration 
rate. It would follow from either alternative 
that, other influences remaining constant, 
changes in filtration rate will be accom- 
panied by proportionately larger changes 
in sodium excretion. 

Since changes in sodium concentration 
were not found to occur with reabsorption 
in the proximal tubule,’ some question 
remained as to whether an active tubular 
process was involved in electrolyte transport 
in this segment.* This has been answered 
in the affirmative by recent work on 
osmotic diuresis.**?*%7* In this situation the 


* On the basis of the uptake of sodium and potassium 
by kidney tissue in vitro, Conway et al.*® have concluded 
that no appreciable sodium reabsorption can be pre- 
sumed to occur in the proximal tubule. It would seem 
hazardous to identify uptake from the medium with 
reabsorption from the tubular lumen as the authors have 
done. They challenge the view that a large fraction of the 
fluid is reabsorbed in the proximal tubule because the 
rate of collection of fluid in the experiments of Walker et 
al.* did not correspond to the presumed volumes re- 
maining at different levels in various tubules. The weight 
of evidence from the concentrations of creatinine and 
glucose in the phloridzinized animal would seem to per- 
_ mit one to discount the latter criticism. 


osmotically active solute of the glomerular 
filtrate is not composed almost exclusively 
of sodium and its equivalence of anions, as 
it is ordinarily. As electrolyte is withdrawn 
and non-reabsorbable solute is not, the 
remaining solute contains a decreasing pro- 
portion of sodium. Since the total osmotic 
pressure of the fluid within the proximal 
tubule remains essentially that of plasma, 
the concentration of electrolyte must be 
reduced substantially below that of plasma. 
The effect of non-reabsorbed solute on the 
volume and sodium concentration of the 
tubular fluid is illustrated in Figure 4. 
The curves are based on the simplifying 
assumptions that the plasma osmotic pres- 
sure is made up entirely by sodium and its 
equivalent anions plus solute which cannot 
be reabsorbed by the renal tubules, and 
that the fluid in the tubule retains the same 
Osmotic pressure as the plasma. The non- 
reabsorbable solute is calculated at 10 
mOsm /L. in the ‘‘normal’’ situation, 100 
mOsm /L. in osmotic diuresis. The develop- 
ment of a concentration gradient by a 
reduction of the concentration in the fluid 
below that of the plasma requires an active 
transport process. Reabsorption of sodium 
and chloride is also decreased under these 
conditions. ‘This was attributed by Wesson 
and Anslow’® to the development of a con- 
centration gradient for sodium between 
proximal tubular fluid and plasma against 
which further transport of sodium is impos- 
sible. An hypothesis more easily explained 
in terms of the kinetics of the transport- 
ing mechanism would seem to be that of 
Mudge et al.!* that the sodium concentra- 
tion in the fluid within the tubule is 
probably an important factor in the rate 
at which this ion is transported and that 
diminishing reabsorption results from the 
falling sodium concentration which occurs. 
Neither of these hypotheses has taken into 
account the fact that, with diminished 
reabsorption of the contents of a tubular 
system of relatively fixed volume, the rate 
of flow in the more distal portions of the 
tubule must be greatly increased. Rapidity 
of flow may be an important factor in 
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enhancing the amount of sodium which 
escapes absorption. 

This interpretation of the effect of osmotic 
diuresis on sodium excretion has been 
challenged by Seldin and Tarail®® because 
in their experiments less sodium was ex- 
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nism is present in the mammalian distal 
segment. Wesson et al.!! have postulated a 
fixed distal capacity to reabsorb sodium 
equivalent to about 12 per cent of the 
amount ordinarily filtered, basing their 
conclusions on the assumption of delivery to 
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Fic. 4. Effect of non-reabsorbed solute on reabsorption of water by the proximal 
tubule and on the concentration of sodium in tubule fluid. 


creted in urea diuresis than when glucose 
or mannitol was the major urinary solute. 
However, the amount of osmotically active 
solute excreted in the experiments cited was 
considerably greater when mannitol and 
glucose were used than when urea was 
injected. Although factors other than the 
amount of non-reabsorbable solute can be 
shown to modify the amount of electrolyte 
excreted during osmotic diuresis,'**’® the 
evidence that cellular dehydration is the 
predominant influence is inadequate. 

The reabsorption of sodium and chloride 
assigned to the distal tubule by various in- 
vestigators has varied considerably. In the 
amphibian most of the filtered electrolyte 
is reabsorbed in the distal tubule’ but there 
is no direct evidence that any such mecha- 
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the distal tubule of a volume of isotonic fluid 
equal to that available for excretion in 
water diuresis. Duggan and Pitts®! have 
found that the maximum effect of mercurial 
diuretics is to cause an increased excretion 
of sodium equivalent to about 20 per cent 
of that normally filtered. Assuming that 
these agents are capable of completely 
abolishing the mechanism on which their 
effect is exerted, the authors conclude that 
the capacity to reabsorb about 20 per cent 
of the sodium normally filtered resides in 
the distal tubule. Mudge et al.'* have, how- 
ever, found larger amounts of sodium ex- 
creted as a result of the injection of mer- 
curials and infer from this and from the 
effect on potassium excretion® that the 
mercurial action on reabsorption is exerted 
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in the proximal tubule. It has been implied’? 
that no appreciable reabsorption of sodium 
and chloride occurs in the distal tubule. No 
matter which of these views is accepted, it 
is apparent that the over-all reabsorption 
of sodium must be largely a reflection of 
that which occurs in the proximal tubule 
since the major fraction of the filtered 
sodium is reabsorbed in that segment. 

The reabsorption of sodium is subject to 
modification by a number of extrarenal 
influences. The nature of some of these has 
been identified; quite probably others 
remain as yet unrecognized. The capacity 
to transport sodium is undoubtedly intrinsic 
to the cells of the renal tubules and it is 
probably only the rate of transport which 
is regulated by hormonal and other factors. 
Certainly, the isolated kidney of the heart- 
lung-kidney preparation continues to re- 
absorb a major fraction of the filtered 
sodium and chloride.?* 

Among the hormonal factors which 
regulate sodium excretion the best known 
are the adrenal cortical steroids. In the 
absence of the adrenal cortex the normal 
adjustment of sodium output to intake is 
not maintained**'** so that in the face of a 
normal or reduced intake this ion is lost in 
the urine. It is clear that this is a defect in 
tubular function, since it occurs despite a 
fall in glomerular filtration rate and the 
consequent decrease in filtered sodium.*° 
Adequate balance may, however, be main- 
tained by a marked increase in sodium 
intake.*® This is one of the few instances in 
which the defect can be said to be cation- 
specific. ‘There is some evidence that the 
adrenal steroids make possible not only the 
retention of sodium when intake is reduced, 
but also facilitate its rapid excretion when 
intake is high.°'*”8% There are data to 
indicate that some of the steroid sex hor- 
mones, particularly progesterone, may also 
exert mild sodium-retaining effects. 

The antidiuretic hormone of the posterior 
pituitary can, under certain conditions, be 
shown to exert an inhibitory effect on 
sodium (or chloride) reabsorption, 4% 9° % 
The increase in electrolyte excretion follow- 


ing large doses of posterior pituitary prepa- 
rations has been attributed to the oxytocic 
factor®® but the ‘“‘chloruretic”’ effect can be 
observed with doses of pitressin small enough 
to eliminate the oxytocic factor as an im- 
portant contributor to the phenome- 
"There is morever some question 
as to whether the pressor (antidiuretic) and 
oxytocic principles are actually secreted as 
physiologically separate entities. 

In animals with one kidney denervated, 
more water and electrolyte is excreted on 
the denervated side.**®® The contribution 
of change in glomerular filtration to this 
increased excretion cannot be fully eval- 
uated but the augmented electrolyte loss is 
probably, in part at least, independent of 
the increase in filtered load.%® 

Elevation of the renal venous pressure 
has been shown to diminish sodium and 
chloride excretion even if the rate of 
glomerular filtration is not depressed.*’ No 
simple explanation of this mechanism in 
terms of local changes is immediately 
apparent; it would be of interest to deter- 
mine whether the same result could be 
obtained in the denervated kidney. 

While the above factors have been shown 
to influence the tubular reabsorption of 
sodium, the question remains whether 
there are not additional determinants of 
tubular activity. Some others, such as the 
state of hydration of the body cells®° and the 
renal oxygen tension,***? have been sug- 
gested but the evidence that they are 
involved in the regulation of sodium excre- 
tion is not yet adequate. 

The problem of most general interest 
concerns the integration of the various 
factors which influence sodium excretion 
and an evaluation of their individual con- 
tributions to the regulation of sodium 
excretion under any set of circumstances. 
The large number of possible variables 
involved has, to date, precluded any satis- 
factory solution of this problem. Attempts 
have been made to analyze the role of 
altered filtration rate, as opposed to that of 
altered tubular activity, in changes in 
sodium excretion in various experimental 
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and clinical conditions, The fun- 
damental difficulty in any such study 
involves the question of how much change 
in the amount of sodium filtered is required 
to produce a given change in the amount 
excreted if all other contributing variables 
remain unchanged. The establishment of 
sufficiently controlled and _ reproducible 
conditions to permit an approach to this 
question is one of the most important 
problems in renal physiology. The impor- 
tance of this information may be seen from 
a consideration of some of the possibilities. 
If any increase in the amount filtered were 
reflected by excretion of this increment in 
the urine, an increase in filtration rate of 
only 1 ml. /min. would mean the excretion 
of about 12 additional gm. of salt in twenty- 
four hours. On the other hand, if the fraction 
of the filtered sodium excreted in the urine 
were to remain constant, a change of a few 
per cent in the filtered load would have a 
negligible effect on the amount excreted. It 
would appear that the true relationship is 
somewhere between these extremes. The 
postulate of Wesson et al.'! requires that 
about one-eighth of any increment in 
filtered sodium be excreted in the urine; 
even on such a basis small changes in 
filtration rate may be reflected by large 
changes in excretion. The hypothesis that 
the fraction of filtered sodium escaping 
reabsorption in the proximal tubule varies 
in the same direction as the filtration rate 
does not yield so simple a relationship, since 
the effect of an alteration in filtration rate 
would depend on the level from which such 
a change was made. However, under most 
circumstances a small change in glomerular 
filtration would be reflected in a marked 
change in the amount of sodium excreted. 
The patterns produced by several of these 
alternatives are indicated in Table n. Until 
some definitive information is obtained to 
indicate at least the order of magnitude of 
the changes in excretion to be expected 
from a given change in filtration, analysis of 
the contribution of tubular vs. glomerular 
factors to any particular modification of 
sodium excretion is hardly possible: 
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Whatever may be the relationship be- 
tween filtration and excretion when other 
factors remain constant, it is apparent that 
under ordinary conditions these other 
factors practically never remain constant 
and changes in them may be sufficient to 


TABLE Il 
AMOUNTS OF FILTERED AND EXCRETED SODIUM PREDICTED 
FROM VARIOUS HYPOTHETICAL RELATIONSHIPS 
BETWEEN AMOUNT FILTERED AND REABSORBED 
(PLASMA SODIUM CONSTANT AT 140 MEQ./L.) 


Sodium Excreted in wEq./min. 
with Reabsorption: 
Filtra- | .. of 
tion oes of Constant of 
Rate uEq. / of F rac- Chang- 
ml. / Constant! Faction) ton ing 
min. min. | Amount of Plus Fraction 
i Constant of 
Fils Amount | Filtered 
115 | 16,100 0 92 0 10 
120 | 16,800 0 96 16 25 
125 | 17,500 100 100 100 100 
130 | 18,200 800 104 184 200 
135 | 18,900; 1500 108 268 500 


* These are amounts predicted from the hypothesis of 
Wesson et al.!! Excreted = Filtered — (0.88 Filtered + 


2000). 
t The figures in this column bear no formal relation- 
ship to the amount filtered. 


Note: 100 wEq./min. is equivalent to 144 mEq./24 hr. 
or the equivalent of 8.4 gm. of NaCl/day. 
counterbalance changes in glomerular fil- 
tration rate completely. As extreme exam- 
ples may be cited the continued excretion 
of sodium despite large decreases in filtra- 
tion rate in adrenal insufficiency®® or a fall 
in sodium excretion despite a rise in 
glomerular filtration after the administra- 
tion of ACTH to normal subjects. 
While one may feel fairly certain that an 
acute fall in filtration rate of considerable 
magnitude would result in a very marked 
decrease in sodium excretion, there are 
mechanisms by which equilibrium can be 
re-established at the lower level. Methods 
for evaluating the activity of some of the 
extrarenal factors and for quantifying their 
effect on sodium transport are badly needed. 

An additional problem concerns the 
mechanism by which the necessity for 
sodium excretion or retention is detected 
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and mediated so as to preserve so remark- 
ably the constant volume and composition 
of the body fluids in the face of extreme 
variations in sodium intake. Since the con- 
centration of sodium in the body fluids 
normally is maintained within a_ very 
narrow range not by the retention or excre- 
tion of electrolyte but by the retention or 
excretion of water, it would appear that the 
maintenance of sodium balance requires 
some receptor sensitive to changes in 
volume.!®’ It has been suggested that the 
filtration rate is in some way related to 
expansion and contraction of the extra- 
cellular fluid volume’! and that variation 
in filtration rate is the major determinant 
of sodium excretion. The latter may well 
be the case in the dog in which large and 
rapid changes in filtration rate are easily 
produced with isotonic saline solution but 
would appear to be much less important in 
man in whom the rate of glomerular filtra- 
tion is a highly stable function. However, 
this concept implies an unidentified volume 
receptor since changes in the volume of 
circulating fluid can affect the filtration rate 
directly only in so far as changes in blood 
pressure are produced. An interesting hy- 
pothesis recently advanced’ is that the 
changes is interstitial fluid volume within 
the cranium, where such changes would 
have more tangible effects than elsewhere 
in the body, are of major importance in the 
regulation of sodium excretion. 

It may be pertinent at this point to 
digress briefly on the problem of the ab- 
normality of sodium excretion in clinical 
states associated with the accumulation of 
edema, particularly cardiac failure. It is 
apparent that since the changes in electro- 
lyte concentration of extracellular fluid are 
always relatively slight when compared 
with the changes in extracellular fluid 
volume, the accumulation of any appre- 
ciable volume of excess fluid in the form 
of edema can occur only if a similar excess 
of electrolytes is retained. It has thus been 
apparent from the time that the composition 
of edema fluid was determined that there 
must be a decrease in the excretion of 


sodium and chloride, relative to intake, in 
conditions associated with the accumulation 
of edema. Although the abnormality was 
originally considered to be in the excretion 
of chloride (presumably because it was the 
chloride that was measured), it was soon 
recognized that it was sodium specifically 
that was involved’®*!!° since the chloride 
of ammonium or potassium chloride was 
excreted normally while the sodium of 
sodium bicarbonate was retained. Recent 
interest in the concept of so-called ‘‘forward 
failure,’ which supports the contention 
that sodium retention precedes the elevation 
of venous pressure,’!"!!2 has given new 
impetus to the study of sodium excretion 
in cardiac failure but the problem of altered 
electrolyte excretion remains, whatever 
theory of congestive failure is accepted. The 
question devolves not upon whether but 
why sodium excretion is impaired, and thus 
upon the contribution of each of many 
factors in the integrated regulation of 
sodium excretion. 

Changes in renal blood flow and rate of 
glomerular filtration have been advanced 
as the chief cause of sodium retention in 
cardiac Attention may be 
centered on the filtration rate since the 
blood flow per se is not directly involved in 
sodium excretion. In most patients with 
cardiac decompensation the filtration rate 
is depressed °*:1°?:'!2118 but some have been 
found in the normal range.°**!!”1!3 In those 
with low rates of glomerular filtration there 
may or may not be a rise when compensa- 
tion is regained.**:11%!14 Since the glomeru- 
lar filtration rate may not rise with restora- 
tion of compensation, it is clear that other 
adjustments may allow for normal excretion 
of sodium despite a lowered filtration rate. 

Other factors which, by _ themselves, 
would tend to yield a decrease in sodium 
excretion have also been shown to be opera- 
tive in cardiac decompensation. In some 
patients there is an increased excretion of 
substances which exert an inhibitory effect 
on sodium excretion similar to that of 
desoxycorticosterone acetate;!!*> in some a 
decreaséd sweat sodium concentration has 
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been found.'!® These have not, however, 
been uniform findings. The renal venous 
pressure is also usually increased in cardiac 
failure.''” Decreased renal oxygen tension 
has been advanced as a possible explanation 
of the sodium retention®® but other investi- 
gators have found decreased oxygen tension 
to increase rather than to decrease sodium 
excretion.*® It would thus seem hardly 
possible to establish any unitary explanation 
for the altered sodium excretion in con- 
gestive failure and analysis of any individual 
situation would appear to depend on the 
interpretation of quantitative data for which 
no adequate basis of information is yet 
available. 


EXCRETION OF POTASSIUM 


In considering the mechanism for potas- 
sium excretion an additional complication 
is encountered in the capacity of the renal 
tubules to secrete potassium from blood to 
urine as well as to reabsorb potassium from 
the tubular lumen.!48~!2! The absence of 
evidence for the existence of any secretory 
mechanism for sodium, chloride or bicar- 
bonate justifies the assumption that the 
difference between the amount filtered and 
excreted is equal to the amount reabsorbed. 
Measurement of the excreted and filtered 
potassium, however, still leaves two vari- 
ables, reabsorbed and secreted potassium, 
which cannot be independently determined. 
There is no method, at present, of dis- 
tinguishing the contribution of secretion to 
potassium excretion except under special 
circumstances and then only within wide 
limits of possible variation.®*®? It must be 
recognized, however, that secretion may be 
contributing to potassium excretion even 
when, as is normally the case, the amount 
filtered exceeds that excreted by a con- 
siderable margin and, conversely, reabsorp- 
tion may be continuing even though the 
excreted potassium is greater than the 
filtered. From the effect of mercurial 
diuretics on potassium excretion under 
various conditions®? and from the pattern 
of ion excretion when potassium salts are 
infused,°® the occurrence of simultaneous 
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reabsorption and secretion has been in- 
ferred. Ordinarily, however, when a change 
in potassium excretion occurs it is not 
possible to say whether it is the result of 
altered tubular reabsorption or secretion. 

During the excretion of certain foreign 
anions it is possible to demonstrate that 
potassium secretion is accomplished by a 
process which results in the replacement 
of filtered sodium by potassium.*? Although 
no evidence is at hand to indicate whether 
or not any intermediate steps are involved, 
the most plausible explanation would ap- 
pear to be direct exchange of one cation 
for the other. In more usual circumstances 
it is not possible without qualification to 
infer evidence of the substitution of potas- 
sium for sodium even when potassium 
secretion is evident, but the most reasonable 
assumption is that the mechanism is the 
same and that all potassium secretion is 
cation exchange of sodium for potassium. 
The reabsorption of potassium probably 
occurs in the proximal convoluted tubule, 
secretion in the distal.°**? No information 
is available on the nature of the reabsorp- 
tive process. 

The capacity to both reabsorb and secrete 
potassium allows greater latitude in the 
excretion of potassium at any given plasma 
concentration than is the case with any 
other substance which has been studied, the 
potassium clearance varying from prac- 
tically zero to values approaching twice 
the rate of glomerular filtration. Some 
question of the capacity to reduce potassium 
excretion to very low values has been raised 
and it was believed that urine containing 
potassium at a concentration less than that 
in the plasma could not be formed.'?''?® 
However, although depletion of the body 
potassium does not necessarily result in a 
low renal potassium output, the kidney 
does have the capacity to limit the excretion 
of potassium to negligible amounts’””!?* and 
to produce a urine less concentrated than 
the plasma with respect to this cation.’?*~'** 

The factors by which potassium excretion 
is regulated cannot yet be identified with 
any certainty. The amount filtered at the 
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glomeruli®*!”° and the amount delivered 
to the kidney by the circulating blood”® are 
poorly correlated with the rate of potassium 
excretion and are probably less important 
in determining the rate of excretion than 
tubular transport, which is the important 
variable. At least two endocrine organs are 
known to influence potassium excretion— 
the adrenal cortex and the neurohypoph- 
ysis. The adrenal cortical steroids en- 
hance the excretion of potassium®*!*° and 
diminish the excretion of sodium. The fact 
that these changes are in opposite directions 
might suggest that this effect is exerted by 
increasing the exchange of potassium for 
sodium ions. Two circumstances militate 
against although they do not exclude? such 
an interpretation: (1) following administra- 
tion of desoxycorticosterone*? or of ACTH!" 
the rise in potassium excretion frequently 
precedes the fall in sodium excretion, and 
(2) the decrease in sodium excretion is 
usually of greater absolute magnitude than 
the change in potassium excretion. 

Posterior pituitary antidiuretic hormone 
also produces an increase in the excretion 
of potassium.*? In this case the change in 
sodium output is in the same direction and 
the question may be raised as to whether 
the effect here is not primarily upon anion 
(chloride) reabsorption. 

Although these endocrine influences may 
be important in the ‘delicate adjustment of 
potassium balance, other factors far out- 
weigh them in the capacity to produce large 
modifications of potassium excretion. Thus 
the administration of massive doses of 
desoxycorticosterone does not increase the 
excretion of potassium to nearly the levels 
attained by the infusion of moderate 
amounts of potassium salts°? and _ the 
repeated administration of potassium salts 
produces a capacity to excrete potassium 
rapidly which cannot be reproduced by the 
administration of a large amount of adrenal 
steroids.°*!*! The capacity to vary excretion 
widely and to secrete potassium in response 
to administered potassium is retained by 
the adrenalectomized dog maintained on 
a fixed dosage of desoxycorticosterone 
acetate.'** Conditions associated with high 
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rates of potassium excretion are, in general, 
those in which a high intracellular potas- 
sium concentration might be predicted®*!?° 
and this may well be the most important 
factor in regulating excretion under these 
circumstances. 

The mechanism for excreting potassium 
unlike that for sodium, does not appear to 
be subject to extrarenal influences which 
decrease excretion; all those recognized 
operate in the opposite direction. This cir- 
cumstance may account for the fact that 
potassium excretion frequently appears to 
be relatively non-specific and related to 
a necessity to excrete anion at a time when 
circumstances favor retention of sodium. 
The continued loss of potassium in certain 
postoperative patients,!?”!?* in individuals 
with so-called renal acidosis,!** in cardiacs 
and cirrhotics treated with mercurial di- 
uretics®®' 134 may be largely on this non- 
specific basis. 

It has been recognized that patients and 
experimental animals depleted of potassium 
tend to become alkalotic!**"!87 and con- 
versely that the production of alkalosis leads 
to depletion of potassium.'*® A _ renal 
mechanism is apparently involved but the 
nature of the relationship is obscure. The 
urine may remain acid despite severe 
alkalosis in the presence of potassium deple- 
tion;!*8 although no quantitative studies are 
available, presumably the excretion of an 
alkaline urine may lead to increased excre- 
tion of potassium. It is known that the 
administration of potassium salts leads to 
the excretion of an alkaline urine.®*!!% 139 
This may, however, be a relatively transi- 
tory phase®® and large amounts of potassium 
may be excreted in a strongly acid urine. 
Some of the apparent anomalies in this 
situation as well as in the excretion of 
potassium in general might well be ex- 
plained were it possible to obtain a more 
complete picture of the intracellular elec- 
trolyte composition. 


EXCRETION OF CALCIUM AND MAGNESIUM . 


The analytic methods for the determina- 
tion of calcium and magnesium are rela- 
tively difficult and time-consuming so that 
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there have been few studies of the renal 
processes involved in the excretion of the 
divalent cations. An additional complexity 
results from the formation of non-ultra- 
filterable, unionized complexes between cal- 
cium ions and plasma protein and, in all 
probability, between magnesium ions and 
plasma protein. The amounts of these ions 
filtered at the glomerulus cannot be simply 
estimated as the product of glomerular 
filtration rate and plasma cation concentra- 
tion. It is apparent from what little informa- 
tion is available that both are extensively 
reabsorbed, under normal circumstances 
the amount excreted being only a small 
fraction of the When the 
amount filtered is increased, both the 
amount reabsorbed and the amount ex- 
creted are increased, as is the case with most 


-of the inorganic electrolytes. ‘The clearance 


of magnesium uncorrected for protein- 
binding may be as much as one-half the 
rate of glomerular filtration’*®:!** at plasma 
magnesium levels approaching the maxi- 
mum tolerated. There is, at present, no 
evidence of tubular secretion of the divalent 
cations. The mechanism by which the rate 
of excretion is regulated is unknown. 


COMMENT 


It is apparent from the many uncer- 
tainties and conflicting opinions that have 
been presented that our knowledge of the 
mechanisms of electrolyte excretion, and 
particularly of the regulation of electrolyte 
excretion, is fragmentary at best. In con- 
cluding, it is well to emphasize the defi- 
ciences of the available technics of study. 
The clearance method has proved particu- 
larly useful in the study of the relationship 
between plasma concentration (or filtered 
load) and excretion in cases in which this 
relationship is relatively simple and in 
which there is presumably a single tubular 
process involved. However, we are able 
to measure only what goes in one end and 
what comes out the other; information as 
to what happens in between is entirely 
inferential. When the intermediate events 
are multiple, as is probably the case with 
the electrolytes considered here, the parti- 
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tion of work among them can be arrived at 
only indirectly and at the risk of unproven 
assumptions. In this respect the puncture 
studies of individual nephrons have been 
extremely useful but their scope is of neces- 
sity limited because of the immense tech- 
nical difficulties and the conditions of 
study are perforce such as to modify renal 
function appreciably. 

Perhaps the most important problem lies 
in the uncontrolled, unmeasured and prob- 
ably often unrecognized variables. This 
difficulty will be familiar to anyone who 
has attempted to explain the apparent 
vagaries of sodium excretion under pre- 
sumably constant conditions. In the face of 
these unsurmounted difficulties in the analy- 
sis of electrolyte excretion in the normal sub- 
ject, it would seem as yet premature to attempt 
to assign responsibility for various clinical 
abnormalities to one or another of the 
discrete renal functions or to any one of the 
extrarenal regulators of electrolyte excretion. 
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Clinico-pathologic Conference 


Chronic Renal Disease Due to 
Congenital Anomaly" 


TENOGRAPHIC reports, edited by Robert J. Glaser, m.p. and David E. Smith, m.p., of 
weekly clinico-pathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members of the 
Departments of Internal Medicine and Pathology of the Washington University School 
of Medicine and by Junior and Senior medical students. 


HE patient, C. R. (No. 178813), a 
white school boy ten years of age, 
entered the St. Louis Children’s 
Hospital for the first of five admissions on 
November 11, 1945, because of chills and 
fever. The family history, past history and 
systemic review were irrelevant. Seven 
months before entry the patient developed 
an upper respiratory tract infection, and 
subsequently a urinary tract infection. Large 
numbers of white blood cells were found in 
his urine and the patient was given sulfona- 
mide therapy to which he responded satis- 
factorily. He was then well until two weeks 
before admission when he again developed 
chills, fever, dysuria and pyuria. He was 
taken to another hospital where cystoscopy 
was performed; his bladder was said to 
have been dilated. He was given sulfona- 
mide chemotherapy with apparent good 
clinical response. 

In the Children’s Hospital, cystoscopy 
was repeated and retrograde pyelograms 
were also made. Left hydroureter and 
bilateral hydronephrosis were demonstrated, 
and the patient was discharged on Novem- 
ber 12, 1945. 

One month later he re-entered for further 
study. A congenital deformity of the urethral 
valves was found, and these valves were 
destroyed by cautery. Hydroureter was also 
noted on the right side although it was less 
pronounced than on the left. While in the 
hospital the patient developed another acute 
respiratory infection which had completely 
subsided at the time of discharge. 


His third entry was occasioned by another 
urinary tract infection with which were 
associated difficulty in voiding and left 
flank pain. Physical examination was en- 
tirely negative. ‘The bladder was found to 
be atonic and the other abnormalities 
previously noted were again seen. The 
urinary tract infection subsided with chemo- 
therapy and the patient was discharged. 
During his hospital stay the highest blood 
pressure recorded was 138/100. 

In November, 1948, two years after the 
third admission, the patient again entered 
the St. Louis Children’s Hospital. In the 
interim he had been seen at another large 
medical center where a “transurethral re- 
section” had been performed. No other 
details of the procedure were available. 
During this two-year period the pediatrician 
who saw him noted persistent elevation of 
blood pressure and transient rises in non- 
protein nitrogen. The patient remained free, 
however, from urinary tract infection and 
felt quite well. He entered merely for 
observation. 

At the time of physical examination his 
blood pressure was 170/110. The patient 
was slightly obese. ‘The eyegrounds were 
normal, and examination of the heart 
revealed it to be within normal limits in all 
respects. The kidneys could not be palpated. 
No other abnormal physical findings were 
noted. 

The laboratory findings were as follows: 
Blood count: red cells, 3,340,000; hemo- 
globin, 11.8 gm. per cent. Urinalysis: 


* From the Departments of Internal Medicine and Pathology, Washington University School of Medicine and the 
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albumin, 2 plus; sugar, negative; sediment, 
occasional white blood cell and rare red 
blood cell. Blood chemistry: non-protein 
nitrogen, 68 mg. per cent; total proteins, 
5.9 gm. per cent; CO, combining power, 
24 mEq./L; phosphorus, 5.5 mg. per cent; 
calcium, 12.8 mg. per cent. Roentgenogram 
of the chest: negative. Electrocardiogram: 
diphasic T waves in lead m and elevated 
S-T segment in lead tv. 

Cystoscopy was again performed. The 
bladder was found to be very large, and 
there was a medium contracture of the 
bladder neck with scar tissue about the 
trigone. Retrograde pyelography revealed 
marked dilatation of the right ureter and 
somewhat less dilatation of the left ureter. 
Hydronephrosis was marked on the right, 
minimal on the left. Most of the contracted 
bladder neck was resected and the patient 
made an uneventful recovery. 

In the interval between his fourth and 
fifth admissions the patient felt quite well. 
He was seen frequently by his pediatrician 
who noted that the non-protein nitrogen 
level averaged about 60 mg. per cent; the 
patient’s blood pressure, however, was 
usually not above 125/75. Several weeks 
before the fifth entry he began to complain 
of headache and vomited occasionally. Re- 
examination at this time revealed that the 
non-protein nitrogen had risen to 125 mg. 
per cent, and the systolic blood pressure to 
160 mm. of mercury. The urine showed 
large amounts of albumin, but the patient 
was free of edema. He entered the Children’s 
Hospital in May, 1949. 

Physical examination at that time re- 
vealed the temperature to be 37°c., pulse 
100, respiration 20 and blood pressure 
135/90. The patient appeared well nour- 
ished and comfortable, but his complexion 
was sallow and his breath uremic. The 
physical examination was otherwise not 
remarkable. 

Laboratory data were as follows: Blood 
count: red cells, 3,900,000; hemoglobin, 
10.7 gm. Urinalysis: albumin, 2 plus; sugar, 
negative; sediment, many white cells and 
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some casts. Roentgenogram of the chest: 
negative. Electrocardiogram: normal. 

Shortly after admission cystoscopy was 
performed and the right ureter was catheter- 
ized. Roentgenograms revealed a moderate 
constriction at the ureteropelvic junction 
which was thought to be responsible for the 
demonstrable hydroureter and hydronephro- 
sis. The right kidney area was explored and 
the kidney was found to be hydronephrotic; 
the cortex was very thin. The ureter was 
dilated and tortuous as it entered the kidney 
pelvis. About 1 inch below the ureteropelvic 
junction the ureter appeared normal in 
diameter. The stricture was apparently due 
to pressure of an anomalous artery which 
crossed the ureter at this point. A kidney 
biopsy was done at the lower pole and the 
ureter was severed below the constriction 
and inserted at the biopsy opening. The 
patient made an uneventful recovery from 
the operative procedure and was discharged 
from the hospital. 

During the seven months following dis- 
charge he felt fatigued but otherwise not 
uncomfortable. The non-protein nitrogen 
level averaged 110 mg. per cent and the 
blood pressure 180/120. Three months 
before his first admission to the Barnes 
Hospital he developed anorexia, nausea and 
vomiting which became much more severe 
five days before hospitalization. Concomi- 
tantly he developed increasing dyspnea and 
later drowsiness, edema of the lower ex- 
tremities and finally continual vomiting. He 
was admitted to the Barnes Hospital on 
December 2, 1949. 

At the time of entry, physical examination 
revealed temperature to be 36.5°c., pulse 
130, respiration 30 and blood pressure 
180/140. The patient’s complexion was 
sallow; he sat upright in bed breathing 
rapidly and was quite apprehensive. ‘The 
fundi were poorly visualized. Examination 
of the upper respiratory tract was negative. 
Crepitant rales were heard at the base of 
the left lung. The heart was enlarged to the 
left mid-axillary line, and a questionable 
pericardial friction rub was heard. The 
liver edge was percussed 4 cm. below the 
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costal margin. The kidneys were not felt. 
No edema was noted. 

Laboratory data were as follows: Blood 
count: red cells, 2,230,000; hemoglobin, 
5.9 gm.; white cells, 11,800; differential 
count: stab forms, 3 per cent; segmented 
forms, 86 per cent; lymphocytes, 10 per 
cent; monocytes, 1 per cent. Urinalysis: 
Specific gravity, 1.010; albumin, 2 plus; 
sugar, negative; centrifuged sediment, oc- 
casional red cell and a few white cells. Stool 
examination: guaiac negative. Blood Kahn 
test: negative. Blood chemistry: non-protein 
nitrogen, 178 mg. per cent; chlorides, 113 
mEq./L.; CO: combining power, 17.6 
mEq./L.; total proteins, 5.5 gm. per cent; 
albumin, 4.5 gm. per cent; globulin, 1.0 gm. 
per cent; calcium, 6.7 mg. per cent; phos- 
phorus, 11.0 mg. per cent. Roentgenogram 
of the chest: The heart was markedly in- 
creased in size, and the vascular markings 
throughout both lung fields were fuzzy, 
suggesting pulmonary congestion. Electro- 
cardiogram: Incomplete right bundle branch 
block. 

The patient was sedated and 1,000 cc. of 
5 per cent glucose in saline were given very 
slowly by the intravenous route. Just before 
infusion was completed the patient became 
extremely dyspneic; his respiratory rate rose 
to 48 and his pulse rate to 136. His neck 
veins were distended. Moist rales were heard 
throughout the lower two-thirds of both 
lung fields but he was not cyanotic. He was 
given 0.5 gm. of aminophyllin by rectal 
suppository and improved rapidly. During 
his hospital stay vomiting became less fre- 
quent and finally ceased completely. Be- 
cause of the experience with the intravenous 
infusion it was decided not to give the 
patient a blood transfusion. The prothrom- 
bin time, which had been 16.5 per cent of 
normal at the time of entry, rose to 80 per 
cent after vitamin K therapy. During his 
hospital stay the patient was afebrile. At the 
time of discharge on December 12, 1949, 
his blood pressure was 180/105 and his non- 
protein nitrogen 193 mg. per cent. 

Following discharge the patient’s condi- 
tion deteriorated rapidly. He had increasing 


nausea and vomiting, dyspnea and edema. 
On December 23, 1949, he was admitted 
for the last time. 

At the time of entry physical examination 
revealed the temperature to be 37.5°c., 
pulse 120, respirations 40 and blood pres- 
sure 170/100. The patient appeared ex- 
tremely ill. He was propped up in bed 
leaning forward and his respirations were 
short and rapid. The skin had a waxy pallor. 
Examination of the fundi revealed marked 
narrowing of the retinal arteries. No hemor- 
rhages or exudates were seen and the discs 
were not elevated. The neck veins were dis- 
tended. There was dullness to percussion 
over both lung bases, particularly on the 
right, and above the area of dullness moist 
inspiratory rales could be heard. A loud 
gallop rhythm was audible over the entire 
precordium and a faint friction rub was 
noted along the left sternal border. The 
liver edge was felt 6 cm. below the right 
costal margin. Scattered petechial spots 
were present over the legs and 3 to 4 plus 
pitting edema extended up to the knees. ‘The 
neurologic examination was not abnormal. 

Laboratory findings were as _ follows: 
Blood count: red cells, 2,050,000; hemo- 
globin, 5.6 gm. per cent; white cells, 17,750. 
Urinalysis: Specific gravity, 1.007; albumin, 
4 plus; sugar, negative; sediment, many 
white blood cells. Blood chemistry: non- 
protein nitrogen, 177 mg. per cent; chlo- 
rides, 85 mEq./L.; CO, combining power, 
13.9 mEq./L.; prothrombin time, 41.5 per 
cent of normal; calcium, 4.8 mg. per cent; 
phosphorus, 15.3 mg. per cent. Electro- 
cardiogram: incomplete right bundle branch 
block. 

The patient failed to respond to all 
measures instituted; he became comatose 
soon after entry and died quietly on Decem- 
ber 25, 1949. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: This case 
illustrates the tragic course of a certain form 
of renal disease. When this young man was 
ten years of age, he developed an upper 
respiratory tract infection and soon after 
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signs of a urinary tract infection. Studies 
at this time indicated an anatomic ab- 
normality in his genitourinary tract. Dr. 
Harford, do you think the occurrence of 
these two infections was coincidental or does 
the second relate to the first? 

Dr. Cart G. HArRForpD: Your question is 
difficult to answer. Acute respiratory tract 
infections are extremely common, and it is 
conceivable that transient bacteremia asso- 
ciated with such an infection might give 
rise to a urinary tract infection. On the 
other hand, urinary tract infections are 
commonly due to gram-negative bacilli, 
usually coliform organisms, and as a rule 
these organisms are not responsible for 
acute respiratory tract infections. 

Dr. ALEXANDER: I believe it was widely 
held years ago that respiratory infections not 
uncommonly gave rise to urinary tract in- 
fections, but I presume that this postulate 
is not tenable. . 

Dr. W. Barry Woop, Jr.: The experi- 
mental evidence in regard to the pathogene- 
sis of pyelonephritis is extremely interesting 
in this regard. If the ureter is blocked and 
bacteremia produced, the kidney on the 
blocked side becomes pyelonephritic. It 
would seem to me, therefore, that a patient 
who has obstruction on one or both sides of 
his urinary tract and who subsequently ac- 
quires a respiratory tract infection with 
transient bacteremia could conceivably de- 
velop pyelonephritis in this manner. On the 
other hand, as Dr. Harford points out, 
one would expect the infection to be due 
to organisms usually found in the respira- 
tory tract and that usually is not true in 
pyelonephritis. 

Dr. ALEXANDER: Dr. Schroeder, I be- 
lieve that Dr. John Spitznagel and you are 
studying this problem. Would you discuss 
your experiments? 

Dr. Henry A. SCHROEDER: Our experi- 
ence confirms the investigation which Dr. 
Wood described. We have been able to 
produce hydronephrosis and subsequently 
pyelonephritis in rats in the manner de- 
scribed. It is interesting to note, however, 
that some renal function must remain in 
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order for chronic hydronephrosis to develop. 
The ureter must not be completely blocked. 

Dr. ALEXANDER: This patient’s urinary 
tract infections were treated with sulfona- 
mides. Do you consider that the treatment 
of choice at the present, Dr. Harford? 

Dr. Harrorp: I believe that the newer 
antibiotics which are now available are 
preferable to sulfonamides, and would 
recommend the use of aureomycin or possi- 
bly of chloromycetin or terramycin. 

Dr. ALEXANDER: What dose of aureo- 
mycin do you suggest? 

Dr. HarForp: Usually 2 gm. a day are 
sufficient. The concentration of chemo- 
therapeutic agents in the urine is much 
higher than is the concentration of the 
agent in the blood, and thus one may ob- 
tain very satisfactory therapeutic levels with 
moderate doses orally. 

Dr. Woop: It should be pointed out that 
aureomycin differs from streptomycin in 
that it is more active in an acid medium; 
thus it finds more use in urinary tract infec- 
tions than does streptomycin, which when 
given should be accompanied by sufficient 
alkali to raise the pH of the urine above 7.4. 

’ Dr. Harrorp: I do not wish to convey 
the impression that the urinary level of a 
given drug is the only factor of importance. 
In pyelonephritis the organisms are present 
within the kidney parenchyma and, there- 
fore, adequate blood levels of a given anti- 
biotic are essential. 

Dr. ALEXANDER: Dr. Cordonnier, do the 
urologists frequently use sulfonamides in the 
treatment of urinary tract infections? 

Dr. JusTIn J. GORDONNIER: The sulfona- 
mides have been used a great deal because 
they are easily available, inexpensive and 
quite satisfactory in the treatment of many 
urinary tract infections, particularly mild 
ones. Aureomycin has been more expensive, 
but we have found it to be far superior to 
the sulfonamides in so far as results are con- 
cerned. Further, it does not cause the unto- 
ward reactions with which the sulfonamides 
are identified. In contrast with streptomycin, 
for example, aureomycin is much superior 
because organisms do not develop resistance 
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to it nearly as readily as is the case with 
streptomycin. Most of the organisms which 
cause urinary tract infections rapidly be- 
come resistant to streptomycin. In using 
aureomycin we have found that 0.25 gm. 
every six hours is quite satisfactory in most 
instances. 

Dr. ALEXANDER: This patient was said to 
have had congenital urethral valves. I was 
not aware that such an anomaly existed. 

Dr. CORDONNIER: Actually you are cor- 
rect; the so-called urethral valves really 
represent abnormal structure of the posterior 
urethra. Ninety per cent of all cases of this 
abnormality occur in males. When present, 
the “‘valves” obstruct the outflow of urine. 
They are very difficult to demonstrate 
cystoscopically; thus one urologist may 
describe them at the time of cystoscopy 
while a second one will be unable to do so. 
That experience has been noted repeatedly, 
particularly in small children. It is impor- 
tant to remember that in a child the field of 
vision is very limited when one performs 
cystoscopy and the findings are difficult to 
interpret. Another factor which may be of 
importance in cases such as this one is 
neurogenic dysfunction of the bladder and 
ureters. Although in this particular case the 
so-called urethral valves were apparently 
present, the patient did not do well despite 
satisfactory destruction of the valves by 
cautery. There may well, therefore, have 
been a neurogenic basis for the patient’s 
difficulty, possibly producing relaxation of 
the musculature of the bladder wall and 
ureters. 

Dr. ALEXANDER: The patient developed 
hydronephrosis and hydroureter. Do you 
believe that they arose because of this possi- 
ble neurogenic element? 

Dr. CorDONNIER: That is a difficult ques- 
tion to answer. The entire clinical picture 
here could have resulted from an obstructive 
lesion at the bladder neck. Bilateral hydro- 
nephrosis and a large atonic bladder are 
both consistent with such a lesion. 

Dr. ALEXANDER: When the patient was 
admitted to the Children’s Hospital for the 
last time it was found that hydronephrosis 
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was marked on the right and minimal on 
the left. His blood pressure had begun to 
rise but renal function apparently was still 
fairly normal. Dr. Schroeder, do you think 
that it is a tenable theory that one may 
have hypertension due to hydronephrosis in 
one kidney with the other being normal? 

Dr. SCHROEDER: Yes, I think that is pos- 
sible. It is known experimentally that an 
increase in intrapelvic pressure reduces 
renal blood flow. If such a situation becomes 
chronic, there is diminution in the vascular 
supply of the kidney. Occasionally in adults 
hypertension is associated with unilateral 
renal disease, and if the diseased kidney is 
removed the hypertension may occasionally 
disappear. Usually when there is hydro- 
nephrosis there is secondary infection, and 
it is likely in this case that the hypertension 
was partly of renal origin. 

Dr. Goldring believes that this situation is 
rare, that the kidneys cannot be implicated 
causally in the ordinary case of hypertension 
and that the coexistence of hypertension and 
unilateral renal disease is usually a chance 
occurrence of two diseases. Dr. Homer 
Smith* was able to find only forty-seven 
cases in the literature in which hypertension 
was relieved by removal of a diseased kidney. 
To these I could add two cases I have fol- 
lowed; both patients have normal blood 
pressures more than ten years after nephrec- 
tomy, and both had severe hypertension 
before it; one has recently gone through 
pregnancy uneventfully. On the other hand, 
when hypertension has been initiated by 
unilateral renal disease in a person of the 
proper predisposition, and has existed for a 
number of years, arteriolar sclerosis de- 
velops in the opposite kidney. Nephrectomy 
at this stage will probably not terminate the 
hypertension. The experimental evidence 
is clear on this point. 

If one studies the incidence of hyper- 
tension in the population by decades, one 
finds practically none in the second decade. 
The incidence of hypertension then gradu- 
ally rises until in the eighth decade about 


*Smitu, H. W. Hypertension and urologic disease. 
Am. F. Med.. 4: 724, 1948. 
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50 per cent of the population is so affected. 
In determining the incidence of hypertension 
with renal insufficiency one finds about 98 
per cent in the younger age group and an 
incidence down to 50 per cent in the eighth. 
On the other hand, the incidence of hyper- 
tension in renal diseases without renal in- 
sufficiency is about 40 per cent at all ages, 
suggesting that two factors are important— 
a constitutional one and a renal one. 

Dr. Woop: Do you believe that the 
kidney destruction was mainly on the basis 
of an inflammatory process, or do you 
believe the renal vessels will show marked 
involvement. 

Dr. ALEXANDER: I believe both factors 
will be operating. 

Dr. Woop: The fact that the eyegrounds 
were not particularly abnormal at any time 
suggests to me that the inflammatory ele- 
ment must have been very important. 

Dr. ALEXANDER: I would agree. Dr. 
Cordonnier, would you comment on the 
importance of the constriction of the ureter 
by the aberrant artery? 

Dr. CorDonnierR: It should be pointed 
out that if this boy had not had hydro- 
nephrosis the aberrant vessel probably 
would not have caused difficulty. As the 
ureter and pelvis became enlarged because 
of hydronephrosis the vessel produced con- 
striction. It is important to remember that 
the pyelograms done in 1945 showed poor 
function bilaterally. In other words, even 
at that date he had irreparable kidney 
damage; thus, none of the procedures at- 
tempted could have been expected to 
achieve satisfactory results. 

Dr. ALEXANDER: At the time of the ad- 
mission before his death, Dr. Massie, the 
patient received intravenous saline by slow 
drip. He had no edema at that time but he 
developed marked pulmonary congestion 
at the conclusion of the infusion. Would you 
comment on this event? 

Dr. EDwarpD Massie: When the patient 
was admitted to this hospital he had been 
- vomiting excessively for two weeks and was 
very dehydrated. We decided that because 
of the prolonged vomiting sodium chloride 
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should be given slowly. I believe that the 
attack of pulmonary edema would have 
occurred whether he received saline or 


glucose. 

Because of his resistance to therapy it was 
often extremely difficult to treat the patient 
by the methods we considered indicated; 
thus, for example, the attack of pulmonary 
edema was combated with rectal amino- 
phyllin rather than by the intravenous 
route. 

Dr. ALEXANDER: His heart became 
progressively enlarged in the last month of 
life. Do you attribute this to the develop- 
ment of hypertensive cardiovascular disease, 
or do you believe that the patient will have 
only pericarditis? 

Dr. Massie: I believe there will be evi- 
dence of both. 

Dr. ALEXANDER: This patient was not 
given a blood transfusion. Dr. Moore, would 
you comment on this decision? 

Dr. Cart V. Moore: Two reasons might 
well influence the decision to avoid trans- 
fusion in a patient such as this one. In the 
first place, the patient’s renal function was 
very poor and were he to have a hemolytic 
reaction further renal damage might occur. 
Secondly, he had developed pulmonary 
edema as a result of a saline infusion, and 
it was probably thought that blood might 
have the same untoward effect. 

Dr. ALEXANDER: Would you make some 
general comments on the giving of blood 
transfusions to people with renal disease, 
particularly with moderate renal disease? 
Do you believe there is a considerable risk 
attached to the procedure? 

Dr. Moore: Dr. Loge has been studying 
this problem. He has given blood trans- 
fusions to a number of patients with severe 
renal disease in order to study the survival of 
transfused cells, and none of these individuals 
has developed any serious difficulty as the 
result of transfusion. Of course, in these 
experimental studies all possible precautions 
were taken to prevent hemolytic reactions. 

It should also be pointed out that such 
patients should receive concentrated red 
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cells in order that a minimal amount of 
fluid and salt be given. 

Dr. ALEXANDER: Dr. Goldman, would 
you comment on the terminal blood 
chemical findings? 

Dr. L. GoLpMAN: The patient 
had serious nitrogen retention. In acidosis 
from renal failure the CO, combining 
power characteristically falls as does the 
calcium. The phosphorus level rises to very 
high values. It is difficult to say whether the 
low chloride recorded was due to renal loss 
alone for considerable amounts may have 
been lost in vomitus. 

Dr. GusTAvE J. DAmMmIN: With the CO, 
combining power and chloride values so 
low, would anyone speculate on the possi- 
bility of potassium deficiency in this pa- 
tient? Three factors work toward potassium 
deficiency, anorexia, which limits potas- 
sium intake, vomiting and impaired renal 
conservation. 

Dr. RosBert J. GLAsER: On the other 
hand, some patients with nitrogen retention 
actually get high potassium levels rather 
than low potassium levels. Dr. Finch and 
his co-workers have demonstrated this 
point quite well. 

Dr. Massie: The electrocardiogram did 
not show evidence of hypokalemia. 

Dr. ALEXANDER: In summary, it seems 
clear that this patient had renal failure, 
probably based on a congenital abnormality 
in the genitourinary tract with obstruction, 
hydronephrosis and pyelonephritis. 


PATHOLOGIC DISCUSSION 


Dr. T. Snoppy: Moderate 
edema of all subcutaneous tissues and a 
healed scar at the site of the right nephros- 
tomy were noted by external examina- 
tion. All the serous cavities contained clear, 
light yellow fluid: 400 cc. were in the peri- 
toneal cavity, and 700 cc. and 600 cc. in the 
right and left pleural cavities, respectively. 
In the pericardial sac there was a slightly 
increased amount of similar fluid and 
patches of fibrin on the epicardium. The 
heart was dilated and hypertrophied to 
450 gm. without the presence of any in- 
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trinsic lesions. The lungs were heavy, con- 
gested and very moist with edema fluid. 
There was a moderate congestion in the 
liver and spleen. 

The urinary bladder was dilated and the 
wall hypertrophied, but the urine which 
distended the organ could be easily ex- 
pressed through the urethra with manual 
pressure. On opening the urethra scars in 
the superior prostatic portion were exposed. 
These scars extended laterally and superiorly 
from the verumontanum as irregular ridges 
which formed a wedge with the base in the 
lower portion of the trigone. The ureteral 
orifices were patent. The right ureter was 
dilated to a diameter of about 1 cm. and was 
tortuous so that folds of mucosa formed 
pseudovalves in the lumen. At the site of the 
surgical revision of the right ureteropelvic 
junction there were several prominent folds; 
but the lumen was easily patent to probing, 
as it was throughout the length of the ureter. 
The right renal pelvis and calyces were 
markedly dilated. The renal substance was 
reduced to a thin layer which was firmly 
adherent to the capsule. On the left the 
patent ureter and renal pelvis were only 
slightly dilated. The cortical surface of the 
left kidney was granular and pitted by 
large, flat-based scars. The cortex and 
medulla of this kidney were moderately re- 
duced in thickness. No other significant 
lesions were present in other thoracic and 
abdominal viscera. Permission was not 
granted for examination of the neck organs 
or brain. 

Dr. DAmMIN: Grossly there was no re- 
maining evidence of obstruction in the 
urinary tract, but the positions of the scars 


- in the prostatic urethra correspond to those 


of one of the recognized types of congenital 
valves of the posterior urethra. Hugh 
Young* described three types of these 
valves: type 1 having leaflets arising from 
the distal portion of the verumontanum and 
extending inferiorly and laterally, type 1 
having leaflets extending superiorly and 


*Younc, H. H. Genital Abnormalities, Herma- 
phroditism and Related Adrenal Diseases. Baltimore, 
1937. Williams & Wilkins Co. 
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laterally from the proximal portion of the 
verumontanum and type II consisting of an 
iris diaphragm across the lumen of the 
urethra. Variants of the type 1 valve may 
have unilateral leaflets or bilateral separated 
or fused leaflets, and the diaphragm in the 
type m1 valve may be either proximal or 
distal to the verumontanum. The con- 
figuration of the scars in this case suggest a 
type 11 valve was present before the cor- 
rective operations. 

Cases are also illustrated in Young’s 
monograph which demonstrate the usual 
sequence of changes following this type of 
urethral obstruction. ‘There is marked dila- 
tation of all proximal portions of the 
urinary tract, hypertrophy of the walls of 
the urinary bladder and ureters and almost 
inevitably pyelonephritis in the hydro- 
nephrotic kidneys. It is interesting that not 
only these features are similar to those of 
the present case, but also that in two of 
Young’s cases operations were performed 
with reduction of the valves to scarred 
ridges without preventing the progression 
of the lesions to fatal terminations. It is 
stated by Young that many cases might be 
diagnosed congenital hydroureter and hy- 
dronephrosis if these anomalies are over- 
looked. However, it is possible that too 
much importance has sometimes been at- 
tributed to these folds; the exact part they 
take in the production of obstruction of the 
urinary tract is often difficult to assess. 

Figure 1 illustrates a section through the 
entire thickness of the right kidney. There 
is extensive destruction of renal substance 
in both the medulla and cortex with ob- 
literation of the usual histologic markings. 
The pelvis is surrounded by fibrous tissue 
and the metaplastic epithelium is inter- 
rupted by foci of chronic inflammation. A 
more detailed view in Figure 2 shows the 
intensive interstitial fibrosis, interstitial in- 
filtration of round cells, fibrosed glomeruli 
and dilated tubules which resulted from 
advanced pyelonephritis. There was no 
question that a marked loss of functioning 
renal substance had occurred. Very few 
nephrons of normal configuration could be 
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identified in any of the sections. In sections 
of the left kidney (Figs. 3 and 4) changes 
essentially similar to those on the right are 
apparent with the additional finding of 
obvious thickening of the smaller arteries. 
The character of some of those vessels is 
shown in Figure 5, taken from a section 
especially stained to demonstrate elastic 
tissue. There are markedly thickened, some- 
times discontinuous, internal elastic mem- 
branes, lumens of reduced diameter and 
thickened fibrous intimas. 

One cannot say just how the vascular 
lesions in the kidneys were related to the 
patient’s hypertension, for the ubiquitous 
presence of inflammation in these organs 
was sufficient cause for the changes in the 
vascular walls. On the other hand, the gross 
observations of the enlarged heart and the 
congestion of the viscera constitute evidence 
of prolonged hypertension ending in con- 
gestive failure. The lungs were grossly very 
edematous and sections as illustrated in 
Figure 6 show large amounts of precipitated 
protein in the alveoli and dilated capillaries 
filled with blood cells. There were also 
scattered small foci in sections of the heart 
in which a few myocardial fibers had lost 
their striations, were partially necrotic, and 
were surrounded by mononuclear cells. 
These changes were similar to those that 
occur with deficiency of potassium as has 
been observed in experimental animals and 
in a few reported human cases.* It hardly 
seems likely such minimal lesions in the 
myocardium could contribute mechanically 
to the development of cardiac failure, but 
they are at least consistent with the defi- 
ciency of potassium which may develop 
with chronic renal insufficiency as has been 
described in the recent literature. f 


* Goopor, I. I. and MacBrype, C. M. Heart failure 
in Addison’s disease with myocardial changes of potas- 
sium deficiency. 7. Clin. Endocrinol., 4: 30, 1944. PERKINS, 
J. G., Petersen, A. B. and Rirey, J. A. Renal and 
cardiac lesions in potassium deficiency due to chronic 
diarrhea. Am. J. Med., 8: 115, 1950. 

t Danowsk1, T. S. Newer concepts of the role of 
potassium in disease. Am. 7. Med., 7: 525, 1949. Taran, 
R. and ELkinTon, J. R. Potassium deficiency and the 
role of the kidney in its production. 7. Clin. Investigation, 
27: 557, 1948, and 28: 99, 1949. 
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Fic. 1. Section of the entire thickness of the right kidney; there is extensive scarring and destruction of renal 
substance as well as foci of inflammation near the pelvis. 

Fic. 2. The cortex of the right kidney in which chronic pyelonephritis has produced dilatation of the tubules 
which are filled with casts, interstitial fibrosis and inflammation, and destruction of the glomeruli. 

Fic. 3. Section of the entire thickness of the left kidney at one of its thinnest points; thickened small arteries can 
be discerned even at this low magnification. 

Fic. 4. The cortex of the left kidney with dilated tubules, interstitial inflammation and destruction of renal 
parenchyma resulting from hydronephrosis with superimposed pyelonephritis similar to that in the right kidney. 
Fic. 5. Sclerotic and thickened small arteries in the cortex of the left kidney; Verhoeff-Van Gieson stain for 
elastic tissue. 

Fic. 6. Dense deposits of precipitated protein in the alveoli and congested capillaries in the alveolar walls 
indicative of severe congestion and edema of the lungs; microscopic sections showed no evidence of broncho- 
pneumonia. 
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In sections of the bone marrow there was 
evidence of increased activity of osteoclasts 
and avery slight amount of fibrosis in the 
marrow; these observations suggest slight 
overactivity of the parathyroids. Hyper- 
trophy of the parathyroids was, of course, to 
be expected in this case of severe chronic 
renal disease, but those glands unfortu- 
nately could not be examined. 

Combining the evidence from the clinical 
history and anatomic findings in this case 
the development of lesions probably followed 
the sequence of: (1) congenital valve of the 
urethra, (2) obstruction and dilatation of 
the urinary bladder and upper urinary 
tract, (3) superimposed pyelonephritis and 
(4) extreme destruction of renal tissue. Late 
in the course there was the development of 
hypertension and severe renal insufficiency 
with loss of potassium and overactivity of 


OCTOBER, 1950 


569 


the parathyroids. Unfortunately, it is diffh- 
cult to say how frequently or at what time 
hypertension occurs in many of the recorded 
cases of this type of urethral obstruction for 
they have, of necessity, been studied in 
children and the blood pressures are often 
not recorded. 

Anatomic Diagnoses: (1) Scars of the 
posterior urethra at site of a removed con- 
genital valve; (2) hypertrophy and dilata- 
tion of the urinary bladder with chronic 
cystitis; (3) hydroureter and hydronephro- 
sis, right advanced, left moderate; (4) 
chronic pyelonephritis, bilateral, advanced; 
(5) hypertrophy and dilatation of the heart; 
(6) fibrinous pericarditis; (7) focal micro- 
scopic necroses in the myocardium; (8) con- 
gestion and edema of the viscera. 

Acknowledgment: ‘The photographs were made 
by the Department of Illustration, Washington 
University School of Medicine, St. Louis, Mo. 


Book Review 


The Child in Health and Disease. Clifford R. 
Grulee, M.D. and R. Cannon Eley, m.p., Editors. 1066 
pages. Baltimore, 1948. The Williams & Wilkins Com- 
pany. Price $12.00. 

This recently published textbook of 
pediatrics is offered as a somewhat different 
approach to pediatric teaching in that it 
places the emphasis more on the concrete 
aspects of handling children in practice 
than on diagnosis and theory alone. This 
concept is indeed a useful one; hence, it is 
unfortunate that the circumstance of an 
intervening war should have made parts of 
the book already outmoded at the time of 
publication. 

The list of contributors, a total of seventy- 
five, includes many outstanding names in 
United States pediatrics. The articles are 
well written, informative and, for the most 
part, practical. Useful charts for the evalua- 
tion of growth and development have been 
included. 

Certain much needed innovations in a 
pediatric textbook have been introduced. 
Outstanding among these is the inclusion of 
an excellent section on adolescence, which 
in the past has been a no-man’s-land be- 
tween pediatrics and internal medicine. In 
this section is included a discussion of the 
gynecologic problems of adolescence. An- 
other excellent feature is the inclusion of 
more than the usual space to some of the 
specialties such as diseases of the eye and 
of the whole respiratory tract. 

From the strictly practical point of view 
it is gratifying to see chapters on ‘‘Acci- 
dental Poisonings of Infants and Children,”’ 
on ‘‘First Aid in Pediatrics’”’ and on ‘‘Pedia- 
tric Techniques.” All these should prove 
very useful to a student or practicing physi- 
cian and are not easily found in other 
standard texts. 

The book has some serious defects, one 
of which is the fact already mentioned that 
some of the material is no longer current. 
Some articles contain very recent informa- 
tion as for example the inclusion of chloro- 
mycetin as a possible agent for the treat- 


‘ment of rickettsial diseases. On the other 


hand, in the discussion of histoplasmosis, 
which has recently assumed considerable 
importance in pediatrics, no reference is 
made to any work beyond 1942. 

A second weakness is the fact that refer- 
ence material is not always available. Many 
chapters are well documented whereas 
other important ones, such as the one on 
nutritional disturbances, have no bibliog- 
raphy at all. This variability from article 
to article is also apparent in the method of 
presentation of material. The format itself 
varies from section to section. Headings 
which appear as capitals in one part are put 
in italics elsewhere. References, when in- 
cluded, may appear either as footnotes or 
at the end of the chapter. 

The factual content of the book, as said 
before, is generally well presented. There 
is, however, some duplication where differ- 
ent authors have apparently unwittingly 
covered the same subject without cross 
reference or addition. An example of this 
is the discussion of tuberous sclerosis and 
myasthenia gravis both in the chapter on 
organic diseases of the nervous system and 
the one on diseases of muscle. There are also 
some omissions. For a book meant to be 
largely practical, it is disappointing that 
some space has not been devoted to the 
handling of such common but not severe 
problems as mild diarrhea or simple croup. 
Again, some of the less common but never- 
theless important diseases of childhood 
such as rheumatoid arthritis, periarteritis 
nodosa and disseminated lupus erythe- 
matosus have either been omitted or given 
very brief mention. 

In concept this book offers much that is 
not to be found in the currently available 
texts. However, in execution some of the 
material is already outmoded and it is not 
so organized and written as to make it a 
convenient reference book for student or 


practitioner. 
Cc. R. 
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CHOLINE 
LIPOTROPIC 
ACTION 


AND 
REVERSAL 
OF FATTY 

INFILTRATION 


PATIENT... Middle aged REGIMEN...High RESULTS... At the end of 
female, with history and findings protein, high carbo- four weeks’ treatment, a second 
suggesting cirrhosis: loss of appe- hydrate, moderate fat, biopsy was taken, revealing an 
tite, nausea, vomiting, vague _ reinforced with vitamin entire disappearance of the fatty 
gastrointestinal complaints, en- therapy and the lipo- changes. All signs and symptoms 
larged liver. Liver biopsy showed tropic agent, Choline of hepatic failure had disappeared. 
extensive fatty changes without (Flint). Patient re- 
fibrosis, indicating that the condi- mained ambulatory, 
tion would be still amenable to except for short period 
treatment. of hospitalization re- 
quired for biopsy. 


REMARKS ... A successful end-result depends on early treat- 
ment of fatty infiltration during the prefibrotic stage—diagnosis at 
this time is governed largely by clinical signs and symptoms. 


PALATABLE "SYRUP CHOLINE (FLINT)’’ 
—one gram of choline dihydrogen citrate in each 4 cc. 
Pint and gallon bottles. 


Choline (Flint) presents 
Choline Dihydrogen 
Citrate in two 
convenient 
dosage 

forms: 


CONVENIENT “CAPSULES CHOLINE (FLINT)”’ 
—0.5 gram of choline dihydrogen citrate per capsule. 
Bottles of 100, 500 and 1000. 


FLINT, EATON & COMPANY 
DECATUR, ILLINOIS 
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To obtund pain 


without recourse to narcotics — 
yet better than the patient’s medicine cabinet — 
can — becomes a daily professional obligation. 
That’s why Phenaphen was formulated with calculated 


prescription for pain—is promoted to physicians x 3 


Each tablet or capsule contains: 


Phenacetin (3 gr.)................ 194 mg. 
Acetylsalicylic Acid (21 gr.) 162 mg. 
Hyoscyamine Sulfate ............ 0.03 mg. 
Phenobarbital (1 gr.).......... 16.2 mg. 


phenaphen’ 


Robins, 


A. H. ROBINS CO., INC. 


RICHMOND 20, VA. 
ethical pharmaceuticals of merit since 1878 


pharmacologic precision . . . the analgesic 
action of its aspirin-phenacetin components 
being implemented and prolonged by its 
phenobarbital content (which helps allay 
| apprehension ) ...its hyoscyamine further 
* inereasing overall efficiency through 
anodyne action. Phenaphen—the astute professional 
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Specifically 

for the 
Pregnant 
Patient 


For dietary supplementation, there is nothing better 
than White's Mol-Iron with Calcium and Vitamin D 


Now for convenience in prescribing to pregnant and lactating 
patients, Mol-Iron—the most effective iron therapy known!:? 
—has been supplemented with generous amounts of calcium and 
phosphorus in an optimum ratio plus adequate vitamin D. 


Each easily swallowed, soft gelatin capsule contains: 


Dicalcium Phosphate........... 869 mg. 
(anhydrous) 
Prophylactic Dose: One capsule three times daily after 
meals. 


Therapeutie Dose: Two capsules three times daily after 
meals (providing 240 mg. Fe daily). 


Supplied: Soft gelatin capsules in bottles of 100. 


Also: Mol-Iron Tablets in bottles of 100 and 1000; 
Mol-Iron Liquid in bottles of 12 fluid ounces; and 
Mol-Iron with Liver and Vitamins, capsules in 

bottles of 100. 


WHITE LABORATORIES, Inc., Pharmaceutical Manufacturers, Newark 7, N. J. 


1. Dieckmann, W. J., and Priddle, H. D.: Am. J. Obstet. & Gynec. 57 :541, 1949 
2. Chesley, R. F., and Annitto, J. E.: Bull. Margaret Hague Mat. Hosp. / :68, 1948 
3, Dieckmann, W. J., et al.: Am, J. Obstet. & Gynec. 59:442, 1950 


3 5 
J 
| | 
— | 
a 
| | 
— 
~ 
> } 


For 
governed 


maintenance... 


When Nativelle isolated Digitaline, he eliminated the 
non-absorbable glycosides of the whole leaf... thus virtually 
ending untoward side reactions in digitalization and maintenance. 
Digitalization became a matter of hours, not days. ° 
Maintenance became positive because absorption was complete 
and the uniform rate of dissipation afforded full 

digitalis effect between doses. 

For this efficiency Digitaline Nativelle is a cardiotonic 

of choice among leading cardiologists the world over. 

For the comfort and protection of your patients—for 

your own assurance—specify Digitaline Nativelle— 


in full—on your prescription. | 


Digitaline Nativelle 


Chief active principle of digitalis purpurea* (digitoxin) 


*Not an adventitious mixture of glycosides, 
: 


. prot 
Sen Co- just the purified chief active principle. 
“sod pharmac? 


- MAINTENANCE: 0.1 or 0.2 mg. daily depending upon patient's response. 


CHANGE-OVER: Prescribe 0.1 or 0.2 mg. of Digitaline Nativelle to replace maintenance doses of 
0.1 gm. or 0.2 gm. of whole leaf. 


RAPID DIGITALIZATION: 1.2 mg. in equally divided doses of 0.6 mg. each at three-hour intervals. | 
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RUTAMINAL 


Oc 


Disease — 
Hypertension, 
Diabete: 
Aiteriosclerosi 
—note 
forfuous 

blood veesse 
areas of 
exudation, 
hemorrhagic 
areas 


Ocular 


‘in keeping with newer clinical findings, the 
rutin content of RUTAMINAL has been in- 
creased to 60 mg. per tablet (three times 
the former rutin content) at no increase in 
cost to the patient. 


*RUTAMINAL is the trademark of Schenley 
laboratories, Inc. and designates exclu- 
sively its brand of tablets containing 
rutin, aminophylline, and phenoborbitol. 


schenley Jaboratories, inc., 350 fifth ave., new york 1, n. y. 


the 
protection 
of 

rutin! 

the 

action 

of | 
aminophylline 
the 

sedation 

of 
phenobarbital 
—for 

use 

in 

selected 
cardiovascular 
and 

diabetic 
conditions 

in 

which 
excessive 
capillary 
fragility 
presents 

a 
complicating 
hazard 
—bottles 

of 

100 

tablets 


© Schenley laboratories, inc. 


37 


| 
4 
4 v 
v 
aw 
4 


38 


Wire: the condition under 
treatment is an acute infec- 
tion, a bowel upset, an injury or a 
metabolic derangement, nutrition is 
always a primary factor in therapy. 
Regardless of other indicated measures, 
nutritional adequacy is essential for 
prompt recovery. 

When dietary supplementation is the 
indicated means of increasing the nutri- 
ent intake, the food drink, Ovaltine in 
milk, can prove highly beneficial. Pro- 


REGARDLESS OF INDICATED THERAPY 


Nutrition a Vhimay Factor 


viding significant amounts of all nutri- 
ents considered essential, it virtually 
assures dietary adequacy when the rec- 
ommended three glassfuls daily are 
taken in conjunction with even a fair 
diet. 

Temptingly delicious and readily 
digested, this dietary supplement fits 
well into the framework of most indi- 
cated diets, and finds ready patient 
acceptance. Its generous nutrient con- 
tent is detailed in the table below. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 


CALCIUM. ... 


*Based on average reported values for milk. 


Two kinds, Plain and Chocolate Flavored. Serving for 
serving, they are virtually identical in nutritional content. 


Three servings of Ovaltine, each mode of 
Yo oz. of Ovaltine and 8 oz. of whole milk,* provide: 


PROTEIN. ... 


32 Gm VITAMINA....... 3000 1.U 
32 Gm VITAMINB:. ...... 1.16 m 
65 Gm. RIBOFLAVIN ...... 2.0 mg 
. . . Gm. 6.8 mg. 
. . . -.0.94 Gm VITAMINC. ...... 30.0 mg 
12 mg VITAMIND....... 417 1.U 
. . . 0.5 mg 676 


©} 
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4 CARBOHYDRATE. 
PHOSPHORUS. . 
IRON... 
COPPER .... 


A R © MY CI! N CRYSTALLINE 


in Tularemia 
Tularemia, which is a serious problem in many parts of 
this country, can be successfully treated with aureomycin. 
All types of tularemic infection, with or without complications, 
respond promptly to the administration of this antibiotic. 
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UREOMYCIN has also been found effective for the control of the following 
infections: acute amebiasis, bacterial and virus-like infections of the eye, 
bacteroides septicemia, boutonneuse fever, acute brucellosis, common infec- 
tions of the uterus and adnexa, resistant gonorrhea, Gram-positive infections 


(including those caused by streptococci, staphylococci, and pneumococci), 


Gram-negative infections (including those caused by the coli-aerogenes 
group), granuloma inguinale, HH. influenzae infections, lymphogranuloma ve- 
nereum, primary atypical pneumonia, psittacosis (parrot fever), Q fever, 
rickettsialpox, Rocky Mountain spotted fever, subacute bacterial endocarditis 
resistant to penicillin, surgical infections, tick-bite fever (African), and typhus. 


Capsules: Bottles of 25, 50 mg. each capsule. Bottles of 16, 250 mg. each capsule. 
Ophthalmic: Vials of 25 mg. with dropper; solution prepared by adding 5 cc. of distilled water. 


LEDERLE LABORATORIES DIVISION american Cuanamid company 30 Rockefeller Plaza, New York 20, N. Y. 
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FOR ALL 
RED FEATHER SERVICES 


Mn. male 


TESTANDRONE 


Free testosterone in 
tablets specially prepared 
for sublingual, buccal 
or labial administration. 


10 Mgs. per tablet « Bottles of 50, 100, 1,000 
Descriptive Literature and Specimens Available 
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Hypoglossals 

“No appreciable difference was 
evident between methyl 
testosterone and testosterone 
propionate when they were 
administered sublingually, but free 
testosterone in equal weights was 
definitely more effective than 
either the methy] or the propionate.’ 
—Lisser, H., Escamilla, R. F., and 
Curtis, L. E.: J. Clin. Endocrinol. 
2:351, 1942. 


NEWARK 1, NEW JERSEY 
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of vitamins b and c 


Depletion of the critical water-soluble 
B complex and C vitamins occurs so 
commonly in the presence of physical 
pathology, as to make a presumption of 
nutritive impairment? almost axiomatic. 
Essential to normal cell metabolism and wound 
healing, these poorly-stored, readily-diffusible factors 
must be replenished — usually by massive dosage 
— if tissue rehabilitation® and return to health‘ are 
\ to be expedited. * Allbee with C ‘Robins’ provides this all-important 
\ saturation dosage” in convenient capsule form. It incorporates 
the important B factors in 2 to 15 times daily requirements, plus 
\ 250 mg. of vitamin C — the highest strength of ascorbic acid 
\ available today in a multi-vitamin capsule. ¢ Its prescription 
\ represents a sound contribution toward decisive recovery from 
disease, or toward pre- and post-operative nutritional support.? 


A. H. ROBINS CO., INC. - RICHMOND 20, VA. 
Ethical Pharmaceuticals of Merit since 1878 


\ 
\ 
\ 
' FORMULA: Each Allbee with C capsule contains: 
\ 
\ 
\ 
\ 
\ 


\ 


Thiamine hydrochloride (B:) 15 mg. 
Riboflavin 
Nicotinamide 
Calcium pantothenate 
Ascorbic acid (C) 


REFERENCES: 1. Coller, F. A. and DeWeese, M. S.: Preoperative and 
\ Postoperative Care, J.A.M.A., 141:641, 1949. 2. Jolliffe, N. and Smith, J. J.: 
Med. Clin. North America, 27:567, 1943. 3. Kruse, H. D.: Proc. Conf. 
' Convalescent Care, New York Acad. Med., 1940. 
4. Spies, T. D.: Med. Clin. North America, 27:273, 1943. 
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MEDICAL BEST SELLER: 


SECOND PRINTING 


Doctors’ Comments 


“Please accept my congratulations on 
your excellent publication on Modern 
Drugs."’ K.S.G., M.D., Durham, N. C. | 


‘| am finding it very useful.’’ L.I.Y., 
M.D., Winona, Minn. 


EDITED BY a as “Put my name down to send me a new 
Marion E. Howard, M.D., F.A.C.P. rH _ one every time it comes off the press.”’ 
Yale University Medica! School _ D.H.A., M.D., Memphis, Tenn. { 
New Haver Con 
pan | “I think this is one of the best publi- 
COMPLETELY DESCRIBES rey cations in print.’’ W.S., M.D., Augusta, 
3240 Ethical Drugs of oy Ga. 
238 American Pharmaceutical Monufactur 
Indexed Three Ways 
Alphabetically Therapeuticall 
and by Manufacturer 
Typical Description 


B,, CONCENTRATE Hematopoietic (Armour) 


DESCRIPTION: An aqueous solution containing 10 micrograms of vitamin Biz per cc. 

ACTION AND USES: Effects an adequate hematopoietic response in pernicious anemia 
cases; offers a substitute for liver therapy in the treatment cf pernicions anemia 
patients who exhibit a sensitivity to liver extract. An important adjunct to liver 
therapy in the treatment of pernicious anemia, nutritional macrocytic anemia, non- 
tropical sprue and tropical sprue. 


ADMINISTRATION: Intramuscularly, preferably in the gluteal muscle. In macrocytic 
anemia of pregnancy, 10 to 20 micrograms once a week until termination of pregnancy. 
In macrocytic anemia of infancy, 10 to 20 micrograms until blood count returns to 
normal. In nutritional anemia dosage may vary from 6 to 100 micrograms over a 
14 day period to obtain an optimal response. In most pernicious anemia cases 25 


1949 Edition . 

Bound in Red Fabricoid. micrograms per week results in an optimal response. 

1,200 pages, Size 2” x 6” x 9” SUPPLY: B:: CONCENTRATE—Vials, rubber-capped, 10 cc. 

Price Postpaid $12 U.S.A. — | 


Drug Publications, Inc. 
49 West 45th St., New York 19, N. Y. | 


Enclosed is the sum of twelve dollars ($12 U.S.A.) for which 
please send me postpaid the new Fourth Edition of the MODERN 
DruG ENCYCLOPEDIA AND THERAPEUTIC INDEX AND MODERN DRUGS. 


City State 
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Keal. American breakfast 


The Seal of Acceptance de- 
notes that the nutritional state- 
ments made in this advertise- 
ment are acceptable to the 
Council on Foods and Nutsi- 
tion of the American Medica 
Association. 


That a nutritious breakfast providing generous amounts of high quality 
protein prevents late morning hypoglycemia has been amply demon- 
strated. As shown by Thorn and co-workers,! and later confirmed by 
Orent-Keiles,? “. . . breakfast high in protein and low in fat and carbo- 
hydrate was followed by an improved sense of well-being and no symp- 
toms of hypoglycemia.”’ 

Meat for breakfast—ham, sausage, bacon, breakfast steaks—is an 
appetizing means of increasing the protein content of the morning meal. 
Its biologically complete protein contains all essential amino acids, 
and serves well in complementing less complete proteins from other 
sources. Furthermore, muscle meat is an outstanding source of B 
complex vitamins and of iron. 


(1) Thorn, G.W.; Quinby, J.T., and Marshall, C., Jr., Ann. Int. Med. 18:913 (June) 1943. 
(2) Orent-Keiles, E., and Hallman, L. F., Circular No. 827, United States Department of 
Agriculture, Bureau of Human Nutrition and Home Economics, Agricultural Research 
Administration, Dec., 1949. 


American Meat Institute 
Main Office, Chicago... Members Throughout the United States 
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Bilateral testicular atrophy occurring before pu- 
berty usually leads to primary hypogonadism 
or eunuchoidism. The cause of atrophy in 
early life is usually an orchitis of some type 
such as that occurring after mumps. Much more 
common, however, is testicular functional fail- 
ure which may occur at any age after puberty 
and be associated with the climateric syndrome. 


Testosterone Armour 


is often of great benefit in these cases. It is 
essential, however, to determine definitely by 
testicular biopsy, or therapeutic test that the 
trouble is primar:ly testicular in origin. Pituitary 
and other endocrine as well as psychologic 
factors should be ruled out. 


HEADQUARTERS FOR MEDICINALS OF ANIMAL ORIGIN ° 


Testosterone Propionate Armour ... (for injection) 
25 milligrams per c.c.—in packages of 6-1 c.c. 
ampules, 50-1 c.c. ampules, 1-10 c.c. vial. 


Methyl! Testosterone Armour . . . (oral) 25 milli- 
grams per tablet—in boxes of 30 and 100 
tablets. 


Testosterone Pellets Armour ... (for subcutaneous 
implantation) 75 milligrams per pellet, boxes of 3. 


Have confidence in the preparation 
you prescribe — specify “Armour” 


A ARMOUR 
LAbotatortes 


CHICAGO 9, ILLINOIS 
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GOOD-TASTING | 


LIQUID FORM 
® 
LIQUID 


MOST EFFECTIVE | MOLYBDENIZEDMMERROUS SULFATE 
IRON THERAPY 1.2 
| KNOWN 


Most effective |. 2 and well tolerated 3: 4 White’s Mol-Iron Liquid also has real taste-appeal for your pa- 
tients. Children especially, even those who are medicine-shy, will readily follow your dosage schedule 
when you prescribe good-tasting White’s Mol-Iron Liquid. 

Each delicious teaspoonful of Mol-Iron Liquid contains 40 mg. of elemental iron. 

May be conveniently administered in a small quantity of water or fruit juice, club soda or ginger 


ale (not in milk). 


Recommended Therapeutic Dosage: 


CHILDREN: Up to 2 years—!,, teaspoonful 3 times daily 
2 to 6 years—1 teaspoonful twice daily 
6 to 12 years—1 teaspoonful 3 times daily 
ADULTS: 2 teaspoonfuls 3 times daily 


Supplied: Bottles of 12 fluid ounces. 
ALSO AVAILABLE: —Mol-Iron Tablets—bottles of 100 and 1000. 
Mol-Iron with Liver and Vitamins—(capsules) in bottles of 100 and 1000. 
Mol-Iron with Calcium and Vitamin D—(capsules) in bottles of 100 and 1000. 


1. Dieckmann, W. J., and Priddle, H. D.: Am. J. Obst. & Gynec. 57 :541 (1949). 

2. Chesley, R. R., and Annitto, J. E.: Bull. Margaret Hague Mat. Hosp. / :68 (1948). 
3. Neary, E. R.: Am. J. M. Sc. 212:76 (1946). 

4. Kelly, H. T.: Pennsylvania M. J. 51 :999 (1948). 


WHITE LABORATORIES, INC., Pharmaceutical Manufacturers, Newark 7, N. J. 
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Jazz Trumpet King 


@ His is a life of big name bands and one night stands—of ham- 


burgers with and coffee without. Instrumental balance is one thing, 


nutritional balance another. So eventually he winds up playing second 


fiddle to a subclinical vitamin deficiency and comes to you for advice. 


NOTE THE FORMULA 


Each Sur-bex Tablet Contains: 


Thiamine hydrochloride.... 6 mg. 
Nicotinamide ........... 30 mg. 
Pyridoxine hydrochloride... 1 mg. 


Pantothenic acid {as calcium 

pantothenate)... ...... 10 mg. 
Liver fraction 2, N.F. 

FF 
Brewer's yeast dried 

0.15 Gm. (2% grs.) 


Sur-bex with Vitamin C contains 150 
mg. of ascorbic acid in addition 
to the vitamin B complex factors. 


Because multiple B complex deficiencies are common in such cases, 
you might logically supplement a corrected diet with SUR-BEX, a 
stable vitamin product that supplies therapeutic amounts of five B 
vitamins—plus liver fraction and brewer's yeast for added B factors. 
They're triple coated to seal in the odor. When ascorbic acid is also 


needed, prescribe SUR-BEX WITH VITAMIN C tablets. These capsule- 
shaped tablets supply 150 mg. of ascorbic acid in addition to the B fac- 


tors present in SUR-BEX. Both are available at phar- 
macies in bottles of 100, 500 and 1000 tablets. 


PBC 


Abbott 


Sur-bex 


(Abbott’s Vitamin B Complex Tablets) 


» 


